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Understanding the composition of camel milk coupled with studying the effects of
thermal and non-thermal treatments on its components and bacterial inactivation were the
general objectives of this dissertation. In the first study (Chapter 2), the gross composition of
camel milk including milk protein, fat, casein, total solids, lactose, ash, and mineral content were
analyzed. In addition, fatty acid profile, amino acid profile, protein fractions, and volatile
compounds were evaluated as well. Our results revealed that camel milk has its unique nutrients
profile. These findings make it easier for the researchers and consumers to understand some of
the nutritional attributes of camel milk.
The impact of non-thermal ultrasound treatment (900 W, 20 kHz, 100% power level) on
some milk-borne microorganisms and the components of camel milk was studied in Chapter3.
We reported that continuous ultrasound processing was efficient in inactivating Escherichia coli
(E.coli) O157: H7 and Salmonella Typhimurium (S. Typhimurium) in camel milk without
detrimental effects on milk fatty acids profile, lipid peroxides, and protein fractions except for
some changes in milk volatile compounds (VC).
In Chapter 4, another non-thermal technique, ultraviolet-C (UV-C) light, was applied to
camel milk to study the effects of different UV-C light doses on the viability of E. coli O157:H7
and S. Typhimurium and the chemical changes to milk components. The main findings of this
study were: (i) UV-C treatment at a dose of 12.45 mJ/cm2 resulted in only 3.9-log10 for both
i

bacterial strains which did not meet the Food and Drug Administration (FDA) requirements for
the 5-log pathogen reduction; (ii) the UV-C treatment at the above dose, had limited effects on
camel milk components.
Thermal pasteurization of milk was first introduced to prevent milk-borne infectious
diseases, however, its effects on camel milk components and quality are still unknown.
Therefore, in Chapter 5, we investigated the efficacy of three previously reported thermal
methods: PAST-1 (65ºC/30 min), PAST-2 (72ºC/5 min), and PAST-3 (80ºC/5 min) on bacterial
inactivation and some camel milk components such as the fatty acid profile, lipid peroxidation,
VC, and milk protein fractions. Complete elimination (6 log10 CFU/ml reduction) of E. coli
O157: H7 was achieved using all pasteurization methods, however, only 3.4 log10 CFU/ml
reduction of the total viable counts was reported using PAST-1 and PAST-3 methods. We also
reported that the PAST-1 and PAST-3 methods did not affect the chemical composition of camel
milk.
In conclusion, we assessed the main components of camel milk along with the amino
fatty acid profile, acid profile, volatile compounds, and protein fractions. Thermal methods were
more effective than the non-thermal methods in terms of microbial inactivation and most camel
milk components were not significantly influenced by thermal and non-thermal methods.
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CHAPTER 1
GENERAL INTRODUCTION
Camels belong to Camelidae, the family of camels, and they are found throughout the world,
the majority of camels are one-humped camels and are found in the desert areas, whereas twohumped camels are more dominant in the cooler areas (Chapman, 1991). Camels are the most
important animals in the hot arid areas not only because of their importance in the transportation
of the people and supplies but also because they supply locals with food sources (milk and meat).
According to the Food and Agriculture Organization (FAO) in 2006, the global camel milk
output was 5.3 million tons produced by the world population of 20 million camels. Although the
percentage of camel milk produced is much less than the percentage of cow milk produced;
camel milk has a higher biological value including higher contents of antimicrobial agents such
as lactoferrin, lysozyme, and immunoglobulin (Elagamy et al., 1996). In addition to its main role
in the human diet, camel milk has potential therapeutic characteristics by acting in an
antihypertensive (Tsuda and Miyamoto, 2008), antidiabetic (Ejtahed et al., 2015b), or
anticarcinogenic manner (Tsuda and Miyamoto, 2008, Pereira, 2014, Ejtahed et al., 2015b).
Cow milk composition has been widely studied and hundreds of references have discussed
its composition from different aspects. However, there are only limited references that studied
camel milk in terms of production (Khan and Iqbal, 2001, Konuspayeva et al., 2009) or
composition (Farah, 1993, Haddadin et al., 2008a, Hashim et al., 2009). Hashim et al. (2009)
reported that camel milk contains 2.5 to 4.5% protein, 2.9 to 5.5% fat, 2.9 to 5.8% lactose, 8.9 to
14.3% nonfat solid, 0.35 to 0.90% ash, and 86.3 to 88.5% water. Although the camel milk
composition has been studied in different parts of the world (El-Bahay, 1962, Rao et al., 1970,
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Mehaia et al., 1995), there is still limited information about the complete fatty acid profile,
volatile compounds profile, amino acid profile, and mineral contents of camel milk.
Traditional thermal pasteurization is usually used in the food and dairy industry to reduce
spoilage microorganisms and to inactivate foodborne pathogens but not bacterial spores.
However, some pathogenic bacterial strains such as E.coli O157: H7 have the ability to survive
and form biofilms inside the pasteurization equipment (Dewanti and Wong, 1995, Stopforth et
al., 2003b). Similarly, Salmonella Typhimurium has been reported to survive in dilute
pasteurized whole milk at 6°C after 10 days (Helke and Wong, 1994).
Non-thermal technologies have been investigated in the past few decades. They are usually
named according to the most important processing parameter. These techniques aim to inactivate
microorganisms and undesirable enzymes without affecting the nutritional and sensory properties
of foods (Butz and Tauscher, 2002, Lado and Yousef, 2002). Ultraviolet (UV) light is one of the
shelf life extension techniques that have been successfully used in water disinfection on a
commercial scale (Parrotta and Bekdash, 1998). Short-wave UV-C light (200-280 nm) not only
offers one of the most important non-thermal techniques to inactivate most microorganisms, such
as bacteria, viruses, and parasites, but also, it is a safe, and cost-effective method (Bintsis et al.,
2000). However, the limited ability of UV-C light to penetrate turbid fluids such as milk has
affected its use as a non-thermal technology (Kristo et al., 2012). The UV-C light has been used
successfully to reduce the bacterial load of opaque fluids such as fruit juices and bovine milk
without affecting the sensory quality (Matak et al., 2005, Keyser et al., 2008, Bandla, 2010,
Rossitto et al., 2012). Another novel food engineering non-thermal technique is ultrasound. The
ultrasound technique uses sound waves that have the ability to travel through liquid, gas, and
solid materials with a frequency range greater than 20 kHz. In recent years, ultrasound treatment
2

has been tested for enzymatic and microbial inactivation in different foods (Villamiel et al.,
1999, D'amico et al., 2006a, Cameron et al., 2009a, Chemat and Khan, 2011, Herceg et al.,
2012b).
The composition of camel milk
Gross composition
Different factors such as the type of diet, parity, stage of lactation, and the animal’s age
influence the composition and the quality of camel milk (Kouniba et al., 2005, Zeleke, 2007,
Konuspayeva et al., 2009). However, environmental factors such as the seasonal variations and
the geographical properties were noticed to be the main effective factors on camel milk
composition (Kouniba et al., 2005, Haddadin et al., 2008b, Konuspayeva et al., 2009). On the
other hand, the availability of drinking water and the type of fodder were discovered to be the
most important factors that affect the taste of camel milk (Farah, 1993). Camel milk has an
opaque-white color and a sharp and sweet or sometimes salty taste. The average pH value and
density of camel milk are 6.56 and 1.029, respectively compared to 6.7 and 1.038, respectively in
bovine milk (Watson and Tittsler, 1961, Farah, 1993, Lu et al., 2013).
Protein composition
In general, milk is considered an important source of protein in the human diet, providing
approximately 32 grams of protein per liter. Milk proteins can be divided into two fractions,
soluble and insoluble fractions. Around 20% of total milk protein is a soluble protein, also
known as whey protein, whereas the insoluble protein, about 80% of milk protein, is namely
casein (Séverin and Wenshui, 2005, Haug et al., 2007).
The average camel milk fraction composition of casein is 74.1% and 25.9% of whey
protein (ZhK et al., 1981, Rafiq et al., 2016b). In addition, previous studies (Farag and Kebary,
3

1992, Mehaia et al., 1995) have reported that the casein of camel milk is about 52-87% of the
total proteins compare to 20-25% of the whey proteins. However, Farah (1993) reported that
camel milk protein fractions were similar to cow milk at 73.5% casein, 20% whey protein, and
5.2% non-protein nitrogen.
The amino acid profile of milk proteins also appears to be similar in both species’ milk
(Farah, 1993, El-Agamy et al., 1997). According to Zafar and Shaham (2004), camel milk
contains 17 amino acids including all essential amino acids. Moreover, essential and nonessential amino acids are found in satisfactory balance within the ratio of 0.93 and 1.07,
respectively in camel milk (Zafar and Shaham, 2004; Shamsia, 2009). The contents of essential
amino acids including leucine, phenylalanine, methionine, and valine in camel milk are found to
be greater than those in bovine milk (Zafar and Shaham, 2004). On the contrary, all non-essential
amino acids are higher in bovine milk compare to camel milk except arginine (Salmen et al.,
2012).
Casein
Casein is considered the main protein in camel milk. According to Farah and FarahRiesen (1985), two casein fractions, α and β, have been successfully isolated from camel milk.
The major camel milk casein is β-casein which constitutes about 65% of total casein, compared
with 36% of bovine total casein. The second major casein is α casein which constitutes about
21% of total camel milk casein, compared with 38% of bovine total casein (Davies and Law,
1980, Kappeler et al., 2003).
Whey protein
Camel whey protein has many components, such as lactalbumin, lactoglobulin, serum
albumin, lactoferrin, lysozyme, lactoperoxidase, and immunoglobulins Ig (Farah and Farah4

Riesen, 1985, Elagamy, 2000a, Konuspayeva et al., 2008c). The major whey proteins in camel
milk are serum albumin, α-lactalbumin, and immunoglobulin G (IgG)(El-Hatmi et al., 2007).
However, in contrast to bovine whey protein, camel whey protein lacks β-lactoglobulin (Levieux
et al., 2006, Badr et al., 2017).
Fatty Acids
There are approximately 400 different types of fatty acids in milk fat. The fatty acids of
milk are derived equally from three sources, the diet, ruminal microbial, and de novo synthesis
(Lindmark Månsson, 2008). The long-chain fatty acids including (C16:0, C18:0, and C18:1) are
greater in camel milk compared to bovine milk (Konuspayeva et al., 2008a). According to
Gorban and Izzeldin (2001), 96% of camel milk lipids are triacylglycerols which consist of
66.1% saturated fatty acids and 30.5% unsaturated fatty acids. Additionally, triacylglycerols of
camel milk have a lower content of short (C4:0-C8:0) and medium-chain (C10:0-C14:0)
saturated fatty acids compared to bovine milk. In addition, camel milk lipids contain only (0.1%)
short-chain fatty acids.
Minerals
Milk minerals are mainly phosphates, chlorides, and citrates of Ca, Na, and Mg.
Although overall milk minerals consist of less than 1% of the milk, they influence the physical
state and the stability of milk casein (Farah, 1993). The major salt constituents of camel milk are
K, Cl, Ca, P, and Na constituting about 0.6 to 0.8% as reported by Shamsia (2009) and Farah
(1993). Despite the fact that the mineral composition of the milk is influenced by many factors
such as the season, stage of lactation, animal species, and the infection of the udder, camel and
bovine milk seem to be similar in terms of the mineral content (Farah, 1993, Konuspayeva et al.,
2008d). It has been reported that approximately 50-80% of the trace elements are connected to
5

the casein fraction of camel milk and consist of copper, zinc, and manganese. Furthermore, the
distribution pattern of trace elements in camel milk is identical to what observed in bovine milk
(AL-Awadi and Srikumar, 2001).
Volatile compounds
Fresh cow milk has a distinctive, bland, and delicate flavor. Compared with cheese and
other dairy products, fresh milk has a very low concentration of aroma compounds (Bendall,
2001). Milk composition and flavor are attributed to feeding, breed, and seasonal variations
(Croissant et al., 2007). The flavor profile of milk is one of the most important aspects of
consumer acceptance. Bendall (2001) reported that the pasture-based milk flavor profile results
from several groups of compounds such as phenolics, linolenic acid oxidation products, phytol
derivatives, terpenes, and nitrogen heterocycles. Solid phase microextraction (SPME) is an
extraction and desorption process that commonly used for quantitative and qualitative analysis of
milk volatile compounds and other dairy products (McGorrin, 2007, Tunick et al., 2013).
Currently, there is no information available regarding volatile compounds in fresh camel milk.
The effects of pasteurization, sonication, and UV-C on inactivation of food-borne
pathogens
Although, sterilization and conventional thermal pasteurization are the most common
methods used to inactivate food microorganisms and enzymes, nutrients losses, deterioration of
food functional properties, and development of undesirable flavors have been noticed as a result
of applying thermal treatment in different food products (Chemat and Khan, 2011). Additionally,
Grant et al. (2002) studied the effect of high-temperature short time (HTST) pasteurization (73
°C for 15 sec) on the survival of Mycobacterium paratuberculosis bacteria in naturally infected
milk and they concluded that M. paratuberculosis are capable to survive commercial-scale
6

HTST pasteurization if they are existing in sufficient numbers. Similarly, Doyle et al. (1987)
reported that Listeria monocytogenes can survive the minimum HTST pasteurization conditions
(71.7°C for 15 sec) required by the Food and Drug Administration (FDA) for pasteurizing milk.
Non-thermal sterilization and pasteurization techniques, such as ultra-sonication, has
attracted great interest in recent years. Application of ultrasound in pasteurization has proved
efficient in the destruction of E.coli, Listeria monocytogenes, and Pseudomonas fluorescens with
no detrimental effects on the total proteins of pasteurized milk (Cameron et al., 2009a).
Moreover, according to Gao et al. (2014), applying low-frequency (20 kHz) ultrasound treatment
resulted in lethal damage to Enterobacter aerogenes in skim milk. Few studies in recent years
have addressed the antimicrobial efficacy of sonication in the food industry (Awad et al., 2012,
de São José et al., 2014). In a recent study by Al-Nabulsi et al. (2016), the authors reported that
ultrasound treatment has an advantage over other non-thermal techniques due to the irreversible
cell rupture with ultrasound treatment. The effect of ultrasound on the microstructure changes in
the cell wall of some lactic acid bacteria in milk was studied by Tabatabaie and Mortazavi (2008)
using Transmission Electron Microscope and optical microscope. The study concluded that
micro-cracks, micro-voids, and cell ruptures were the main micro damages caused by ultrasound
treatment.
Another method that is less costly and has fewer organoleptic consequences than heat
pasteurization is UV-irradiation. UV-C treatment has germicidal properties to inactivate a wide
range of microorganisms such as algae, bacteria, protozoa, yeasts, molds, fungi, and viruses. At
the wavelength of 253.7 nm, UV-C treatment has been approved as a safe method by the FDA
for pathogen reduction in water and juices (Crook et al., 2015). Cell death occurs when the
deoxyribonucleic acid (DNA) absorbs the UV-C light and causing a cross-linkage of pyrimidine
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nucleoside bases in the DNA strand (Bolton, 2010). Using apple cider, Hanes et al. (2002) and
Basaran et al. (2004) reported that UV-C was effective in the inactivation of Cryptosporidium
parvum oocysts and Escherichia coli O157: H7. Furthermore, Matak (2004) reported a
reduction in E.coli in pasteurized and homogenized whole milk with short-wave UV light.
Additionally, UV treatment has demonstrated its ability to achieve a 5-log10 reduction of
Staphylococcus epidermidis, Staphylococcus aureus, Bacillus cereus, Enterobacter cloacae, and
E.coli in human milk (Czank et al., 2009).
Project Objectives
1. Camel milk components analysis including gross composition, fatty acid profile,
minerals, volatile compounds, amino acid profile, and protein fractions.
2. Determine the effects of ultrasound treatment on the total aerobic bacterial viable count
and the bioluminescence and non-bioluminescence bacterial strains E. coli O157: H7 and
Salmonella Typhimurium in camel milk.
3. Determine the effects of ultrasound treatment on the camel milk fatty acids, volatile
compounds, protein fractions, and lipid peroxides formation.
4. Determine the effects of UV-C treatment on the bioluminescence and nonbioluminescence bacterial strains E. coli O157: H7 and S. Typhimurium in camel milk.
5. Determine the effects of UV-C treatment on the camel milk fatty acids, lipid peroxides
formation, volatile compounds, and protein fractions.
6. Determine the effects of pasteurization treatments (65 °C for 30 min, 72 °C for 15 min,
and 80 °C for 5 min) on the total aerobic bacterial viable count and the bioluminescence
and non-bioluminescence E. coli O157: H7 in camel milk.
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7. Determine the effects of pasteurization on camel milk fatty acids and lipid peroxides
formation, volatile compounds, and protein fractions.
The novelty of the research
•

In the current study, the solid phase microextraction (SPME) was used to characterize
and quantify camel milk volatile compounds for the first time.

•

Additionally, camel milk was subjected to ultrasound and UV-C treatments as
nonthermal methods for the first time.

•

The effect of thermal and non-thermal treatments on the camel milk fatty acids, volatile
compounds, protein fractions, and lipid peroxides formation has not previously been
reported.
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CHAPTER 2
EVALUATING THE NUTRIENT COMPOSITION OF CAMEL MILK
Abstract
Camel milk has been an essential source of nutrition for Bedouin and nomadic cultures
particularly in the arid and semi-arid areas of Africa and Asia since ancient times. Nowadays, the
demand for this alternative milk is growing in the United States due to its reported health
benefits. The purpose of this study was to determine the gross and fine composition of
dromedary milk. Thirteen milk samples from five different countries were analyzed for the gross
composition, mineral content, fatty acid profile, volatile compounds, amino acid profile, and
protein fractions. The average content (g/100 g) for the fat, protein, lactose, casein, ash, and total
solids were 3.1, 2.9, 4.3, 2.1, 0.69, and 11.4, respectively. The mean values (mg/l) for Ca, K, Mg,
Na, and Zn were 1806, 2177, 161, 646, and 45, respectively. Short and medium-chain fatty acids
(C6-C14) accounted for about 21.2% of total milk fatty acids while the milk saturated fatty acids
represented about 59% of milk fatty acids. Trans vaccenic acid (C18:1t11), two conjugated
linoleic acids (CLA) isomers (c9 t11 CLA and t10c12 CLA), and two omega-3 fatty acids
(C20:5n3 and C22:6n3) were detected as well. A total of 23 volatile compounds (VC) were
identified including 13 aldehydes, 3 ketones, 3 acids, 2 alcohols, 1 ester, and 1 nitrogenous
compound. The most abundant essential amino acids in milk were Leucine, Lysine, and Valine,
while Glutamic acid and Proline were the most non-essential amino acids detected in milk. The
SDS-PAGE patterns displayed four casein bands (κ-CN, αs1-CN, αs2-CN, and β-CN) and three
whey protein bands (α-La, CSA, and LF). In conclusion, camel milk's nutrients profile is not
consistent with that of bovine milk demonstrating some specific nutritional attributes to camel
milk.
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Introduction
Camels are mammals belonging to Camelidae, the family of even-toed ungulates, that
consist of three genera: genus Camelus, genus Lama, and genus Vicugna (Al-Swailem et al.,
2007, Yam and Khomeiri, 2015) . Globally, there are two different species of camels:
Dromedary camels (one-humped) that inhabit the desert areas and Bactrian camels (twohumped) that mainly live in the cooler areas. In recent years, camel milk has been receiving
growing research interest and investment around the world due to its valuable nutrients and
health attributes (Bulca, 2018). Although the average milk production by camels is about five
times fewer than that of dairy cows, camel milk has higher antimicrobial compounds (e.g.
lactoperoxidase, Immunoglobulins, lysozyme, and Lactoferrin; (Jilo, 2016), which may have a
possible role in boosting the immune system. Compared to bovine, camel milk also has a higher
amount of polyunsaturated fatty acids (long-chain fatty acids) which are reported to be essential
to human nutrition (Yadav et al., 2015). Additionally, camel milk provides potential treatments
for different diseases and conditions such as jaundice, dropsy, leishmaniosis, and asthma
(Asresie and Yusuf, 2014, Yadav et al., 2015).
The quality and the composition of camel milk may be affected by many factors such as the
animal’s age, diet composition, stage of lactation, seasonal variations, parity, and geographical
properties (Konuspayeva et al., 2009). Farah (1993) reported that the type of fodder and the
availability of drinking water were the main factors affecting the taste of camel milk.
The composition of dairy cattle milk has been studied extensively and many references have
addressed its composition. However, there are much fewer references on camel milk composition
(Elamin and Wilcox, 1992, Farah, 1993, Mehaia et al., 1995, Haddadin et al., 2008a,
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Bouhaddaoui et al., 2019), and existing studies mainly investigate the basic components of camel
milk. Little is known about the other camel milk components and the current study is set out to
assess the main components of camel milk in addition to the amino acid profile, fatty acid
profile, volatile compounds profile, and protein fractions.
Materials and Methods
Milk samples
Camel milk samples in 250 ml sterile plastic bottles were obtained from five different
countries including Saudi Arabia (3 samples), Jordan (2 samples), United Arab Emirates (5
samples), Egypt (2 samples) and the USA (1 sample) then transported in ice-cooled boxes to our
laboratory (Department of Animal Science, Food and Nutrition; Southern Ilinois University,
Carbondale, IL. Milk samples were analyzed for gross composition immediately after arrival,
and the remaining samples were stored at -20°C until analyzed for other compounds. Each
analysis was carried out in triplicate.
Milk components assessment
Gross camel milk components (fat, lactose, protein, casein, ash, and the total solids) were
analyzed at Prairie Dairy Plant Lab (Carbondale, IL) using an infrared milk analyzer (Multyspec;
Fpss Fppd Technology Corp., Eden Prairie, MN).
Mineral’s determination
Mineral contents (Ca, K, Na, Mg, and Zn) of milk samples were analyzed according to the
procedure described by Brooks et al. (1970), using Flame Atomic Absorption Spectroscopy FAAS
instrument (PerkinElmer Analyst model 300, Shelton, CT, USA).
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Amino acids composition
Camel milk samples were analyzed for the amino acid profile following the Official HPLC
Method 982.30E (a, b, c) of the AOAC (2006). (AOAC., 2006.)
Other components analysis
The fatty acid and volatile compound profiles, as well as protein fractions of camel milk
samples, were analyzed as previously prescribed (Dhahir et al., 2020a).
Statistical analysis
Three replicates were performed on each experimental sample and the results are presented
as mean ± standard deviation using JMP predictive analytics software (Version pro-14.0).
Results
Gross components
The main components of camel milk, including minerals, are presented in Table 2.1. The
average fat content was 3.1%, ranging from 2.43 to 3.78%. Milk protein percentage was 2.9 with
variation ranging from 2.6 to 3.2%. Casein accounted for about 72% of total milk protein while
whey proteins accounted for 28% of total milk protein. Calcium concentration was about 1806
mg/l while sodium content averaged 646 mg/l.
Fatty acid profile
The fatty acid concentration (g/100 g of fatty acid) of camel milk is presented in Table 2.3.
The short and medium-chain fatty acids (C6-C14) accounted for about 21.2% of milk fatty acids
with C14:0 being the main fatty acid in this group at 15.6%, while C6 to C12 accounted for only
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2.57% of milk fatty acids. Total milk saturated fatty acids averaged 59%, while mono- and
polyunsaturated fatty acids averaged 36 and 4%, respectively.
Palmitic acid (C16:0) and Palmitoleic acid (C16:1n9) concentrations were 27.1 and
13.8% of milk fatty acids, respectively. Several C18:1 trans-fatty acid isomers (C18:1t10,
C18:1t11, C18:1t15, and C18:1t16) were detected, and vaccenic acid (C18:1t11) was the main
one at 1.16%. Oleic acid (C18:1n9), Linoleic acid (C18:2n6), and Linolenic acid (C18:3n3) were
detected as well averaging 13.8, 1.8, and 1.0%, respectively. Two conjugated linoleic acids
(CLA) isomers (c9t11 CLA, and t10c12 CLA) were detected at 0.38 and 0.12% of milk fatty
acids, respectively. The omega-3 fatty acids. Eicosapentaenoic acid (C20:5n3; EPA) and
Docosahexaenoic acid (C22:6n3; DHA) were detected at a concentration of 0.18 and 0.07% of
milk fatty acid, respectively.
Volatile compounds
A total of 23 VCs were identified using a combination of the liner retention index (LRI)
and mass spectral matching against the NIST library standards (Table 2.4). Aldehydes were the
most abundant VCs in the milk samples with 13 aldehyde compounds were identified, followed
by ketones (3 compounds), acids (3 compounds), alcohols (2 compounds), esters (1 compound),
and nitrogenous compounds (1 compound).
Amino acid profile
Nineteen amino acids (9 essential and 10 non-essential) were measured and their
concentrations (% of milk protein) in milk samples are presented in Table 2.2. The essential
amino acids accounted for about 45% of total protein milk amino acids with Leucine (9.45%),
Lysine (6.64%), and Valine (6.40%) being the main essential amino acids. Methionine and
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Tryptophan were the least concentrated (2.35 and 1.58%, respectively). Glutamic acid (19.26%),
Proline (10.09%), and Aspartic acid (7.10%) were the main non-essential amino acids, while
Cysteine (0.70%) and Hydroxylysine (0.32%) were the least concentrated.
Milk protein
Representative gel electrophoresis of camel milk samples (n=6) is shown in Figure 1. A
total of six protein bands weighing 8 kDa (alpha- Lactalbumin or α-La), 14 kDa (kappa- casein
or κ-CN), 22 kDa (αs₂-Casein or αs₂-CN), 26 kDa (Beta-Casein or β-CN), 34 kDa (αs1-Casein or
αs1-CN), 46 kDa (Camel serum albumin or CSA), and 85 kDa (Lactoferrin or LF) were
observed.
Discussion
Milk is one of the most important components of a balanced diet, and camel milk, in
particular, is one of the latest dairy trends rising in popularity across the world because of its
reported health benefits (Bulca, 2018). In general, camel milk has a considerable variation in its
composition compared to the milk of other species (Dowelmadina et al., 2014). These variations
are mostly due to variations in animals’ age, breed, stage of lactation, geographical location, and
feeding conditions (Brezovečki et al., 2015). In the current study, the gross composition of
dromedary milk samples (Table 2.1) falls within the ranges reported by others (Mehaia et al.,
1995, Khan and Iqbal, 2001, Khaskheli et al., 2005, Shamsia, 2009). However, the mean values
of milk proteins and ash in our study were slightly less than that reported by Mal and Pathak
(2010), and the lactose content was slightly higher than those of Elamin and Wilcox (1992).
Generally, camel milk has lower lactose and similar protein content compared to bovine milk
(Elamin and Wilcox, 1992). Consistent with cow milk (Salmen et al., 2012), casein content was
lower in camel milk (66% vs. 86%). Although, bovine and camel milk have the same casein
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fractions including αs1, αs2 caseins, β-casein, and κ-casein, the concentration of β-casein in camel
milk is higher (65%) than that in bovine milk (36%) (Al Kanhal, 2010). The higher digestibility
rate of camel milk is usually attributed to the high concentration of β-casein (Abou-Soliman,
2005), which has been reported as one of the best sources of anti-oxidant peptides in camel milk
by Jrad et al. (2014).
Minerals have a variety of roles in the body, including bone formation, enzyme functions,
oxygen transport, and water balance maintenance (Soetan et al., 2010). In the current study, the
mineral content (Ca, K, Na, Mg, and the trace element Zn) was higher than those reported by
others (Abu-Lehia, 1987, Gorban and Izzeldin, 1997, Haddadin et al., 2008a). This result may be
attributed to many factors such as the feeding conditions, the stage of lactation, analytical
procedures, infection of the udder, and water intake (Farah, 1993, Mehaia et al., 1995, Haddadin
et al., 2008a). According to Shamsia (2009), the concentrations of minerals (K, Cl, Ca, P, and
Na) in camel milk are higher than that in human milk. However, Farah (1993) reported that the
mineral content (Ca, K, Na, Mg, and P) in camel milk seems to be similar to that of cow milk.
Zinc is an essential element for the immune system functions (Hansen et al., 1982) and camel
milk has been reported to have a higher concentration of zinc than other ruminants’ milk
(Agrawal et al., 2004).
The food value of milk fat, its chemical reactivity, and its physical properties are
dependent on the fatty acid profile (Mulder and Walstra, 1974). With milk products supplying
15-25% of total consumed fat by humans (Konuspayeva et al., 2008b), the fatty acid profile of
milk is of great importance both from nutritional and health points of view. The fatty acid
content of milk is usually influenced by many factors such as season (Knoess et al., 1986),
pregnancy (Rodriquez et al., 1985), geographical location (Konuspayeva et al., 2009), stage of
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lactation (El-Agamy, 2009), and diet (Yadav et al., 2015). In the current study, the fatty acid
composition of milk fat was comparable to the results reported by others (Gorban and Izzeldin,
2001, Konuspayeva et al., 2008b, Teng et al., 2017). Consistent with our data, previous studies
(Farah, 1993, Gorban and Izzeldin, 2001, Konuspayeva et al., 2008b) have reported lower
proportions of C6 to C12 fatty acids in camel than cow milk. For example, the sum of C6 to C12
in camel milk was about 3.1% compared to 8-11% in cow milk (AbuGhazaleh et al., 2001,
AbuGhazaleh, 2008, Teng et al., 2017), suggesting either lower de vovo synthesis of fatty acids
in camel’s mammary and body tissues or their fast metolization before excretion into milk.
Consistent with other reports (Farah, 1993, Gorban and Izzeldin, 2001, Konuspayeva et
al., 2008b, Dreiucker and Vetter, 2011), the total saturated fatty acids content in camel milk was
lower than usually reported in cow milk (58% vs 65-68%) (AbuGhazaleh et al., 2001, Whitlock
et al., 2006). Additionally, the higher unsaturated fatty acids content in camel milk was mainly
attributed to the higher level of C16:1n7 (13.8%) which is usually found at less than 2% in cow
milk. Similar to cow milk, several trans C18:1 isomers were also detected in camel milk. Trans
C18:1 fatty acids are usually produced in the rumen during the biohydrogenation of dietary
unsaturated fatty acids (Jenkins, 1993), and among these trans isomers, vaccenic acid (C18:1t11)
is of particular importance because of its conversion in the body tissues to the health beneficial
c9t11 CLA (Turpeinen et al., 2002).
Among the fatty acids in the lipid fraction of milk, conjugated linoleic acid (CLA) and
omega-3 have been studied in recent years for their potential effects on human health (McGuire
and McGuire, 2000, Belury, 2002a, Su et al., 2008). In animal models and human studies, some
CLA isomers were recognized as having an anti-carcinogenic, anti-diabetic, anti-obesity, antiatherogenic, and immune system enhancement properties (McGuire and McGuire, 2000, Belury,
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2002b). In this study, two CLA isomers (c9t11 and t10c12) were identified. Although some of
the c9t11 CLA in milk originates from the ruminal biohydrogenation of linoleic acid, the vast
majority (>80%) is usually synthesized in the mammary gland by ∆9-desaturase from vaccenic
acid (Griinari and Bauman, 1999, Mosley et al., 2006). The average c9t11 CLA content in camel
milk is consistent with that typically seen in the milk of cows fed with a diet low in
polyunsaturated fatty acids suggesting possibly a similar rumen biohydrogenation rate and ∆9desaturase activity in camels as well. Although the diets of camels used in this study are
unknown, oil supplementations are unusual in camel diets. The t10 C18:1 and t10c12 CLA are
two other isomers produced in the rumen during the biohydrogenation of unsaturated fatty acids
that were also found in the camel milk at comparable levels to the cow milk (Shibani et al.,
2011). These two isomers have been implemented in milk fat depression because of their ability
to inhibit de novo milk fatty acids synthesis in the mammary gland of dairy cows (Shingfield et
al., 2006). The omega-3 linolenic fatty acid in our camel milk samples was about 2-4 times
greater than what's typically reported in cow milk when dairy cows were fed diets devoid of
linolenic acid-lipid sources (AbuGhazaleh et al., 2002, Moallem, 2009, Moallem and Zachut,
2012), suggesting greater transfer efficiency for this fatty acid from diet to milk in camels. This
efficiency may be the result of a lower rumen biohydrogenation rate for linolenic acid in camels
and/or the presence of a greater proportion of linolenic acid in blood lipoproteins responsible for
unsaturated fatty acids delivery to the mammary gland. The detection of the omega-3s EPA and
DHA in camel milk shows the ability of camel’s tissues to also elongate and desaturate linolenic
acid into EPA and DHA as in dairy cows.
The VCs in milk arise from different sources such as inhaled air, the rumen gases, diet,
and the activities of microbiota in the digestive tract (Moio et al., 1993, Désage et al., 1996,

18

Buchin et al., 1999). In this study, aldehydes were the most abundant volatile compounds in milk
samples and these compounds derive either from light-induced lipid oxidation (i.e. straight-chain
aldehydes such as hexanal and nonanal) or amino acid degradation (i.e. branched-chain
aldehydes such as 2-octanal, 2-nonenal, and 2-decanal) (Moio et al., 1993). The second
predominant groups of VCs detected were ketones, which are produced mainly from fatty acids
oxidation (Cadwallader and Singh, 2009). Higher alcohols were also detected, which production
derived mainly from amino acids or microbial reduction of aldehydes (Jensen et al., 1994). The
amount of detected VCs was different from those described by Omar (2018), reporting fewer
aldehydes and acid content and more alcohols, esters, and ketones in skimmed camel milk. This
discrepancy could be attributed to differences in milk components (i.e., skimmed milk versus
whole milk) and analysis methods.
The amino acid profile of milk is important for the qualitative evaluation of peptides and
proteins. Milk proteins are generally characterized by good digestibility, high biological value,
and rapid absorption in the body (Rafiq et al., 2016a). As it is known, essential amino acids
(EAAs) cannot be synthesized by the body and are therefore needed to be obtained from foods
(Harper et al., 1984). Camel milk, in particular, has a satisfying balance of EAAs (El-Agamy,
2009) that equal or exceed the FAO-UNU-WHO requirements for human diets (Organization,
1985). Leucine, isoleucine, and valine are among the EAAs that are categorized as branchedchain amino acids (BCAAs) and required for protein synthesis and tissue growth (Harper et al.,
1984). Among all other protein sources, whey proteins have the highest concentration of BCAAs
(Walzem et al., 2002). In the current study, the isoleucine concentration was lower (5.39 g/100 g
of protein) than that of leucine and valine (9.45 and 6.60 g/100 g of protein, respectively).
Glutamic acid was the most abundant amino acid (⁓ 20%), followed by both proline and leucine
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(⁓ 10% each). Similarly, (Davis et al., 1994) reported the same percentages of glutamic acid,
proline, and leucine in human milk. Additionally, the sulfur-containing amino acids including the
essential amino acid methionine and non-essential amino acid cysteine were reported to enhance
the immune functions and serve as antioxidants (Hall et al., 2003). In the current study, the
cysteine and methionine contents were 0.70 and 2.35 g/100 g of protein, respectively, which are
higher than those reported in cow milk (Rafiq et al., 2016a). However, Davis et al. (1994)
reported higher cysteine content and lower methionine content in human milk. Nearly all the
amino acid concentrations in this study were higher than those reported in similar studies (Kamal
et al., 2007, Salmen et al., 2012). In another study, however, Shamsia (2009) reported higher
concentrations of nine amino acids (three essential and six non-essential) compared to our
results, which differences could be attributed to variations in breeds, lactation stage, feeding, and
environmental conditions (Kamal et al., 2007, Salmen et al., 2012). In addition, all amino acid
concentrations of camel milk were higher compared to those in human milk except for glycine,
lysine, threonine, and valine (Shamsia, 2009). In contrast, cow milk generally has higher amino
acid concentrations except for proline, cysteine, and leucine; and similar concentrations of
aspartic acid, glutamic acid, and glycine (Kamal et al., 2007). However, Farah (1993) reported
similar amino acid profiles between cow and camel milk.
The gel electrophoretic patterns of six milk samples are presented in Figure 1. According
to Felfoul et al. (2017), the most common proteins of camel milk are κ-, αs1-, αs2-, and β-caseins.
The molecular weight (MW) of κ- and β-caseins in this study were 14 and 26 kDa, respectively.
In accordance with the present findings, previous studies (Zhang et al., 2005, El-Agamy et al.,
2009b) have demonstrated that the MW of β-CN was estimated at 26 kDa. In contrast, Ereifej et
al. (2011) reported 19.9 kDa as an equivalent of κ-CN in eight camel milk samples collected
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from different Jordanian locations. In the current study, the αs1-CN had a MW of 34 kDa which
was slightly different from the findings of Zhang et al. (2005), who reported a MW of 31.2 kDa
for αs1-CN in Alexa Bactrian camel milk. Although other studies (El-Agamy et al., 2009b,
Ereifej et al., 2011) have reported higher values for αs2- caseins, our results were in agreement
with Felfoul et al. (2017), who reported that αs1-, αs2-, and β-caseins had MWs between 25-35
kDa. Regarding camel milk whey proteins, protein bands with a MW of 8, 46, and 85 kDa in
lanes 1-6 (Fig.1) were identified as α-La, CSA, and Lf respectively. Our findings do not agree
with Zhang et al. (2005) and Ereifej et al. (2011) who reported higher values for α-La (10.9,11.9
kDa) and CSA (66,70 kDa), respectively. Moreover, the migration pattern of camel milk Lf was
slightly different from Zhang et al. (2005) and Ereifej et al. (2011) who estimated the MW of
camel milk Lf at 80 kDa. The electrophoretic pattern of camel milk proteins was also different
from their human and cow counterparts (El-Agamy et al., 2009b).
Conclusions
The current study indicated that (1) dromedary milk is a rich source of many nutrients
that meet the public needs, and thus offers an exceptional opportunity for the development of the
dairy industry; (2) the composition of camel milk can be influenced by many factors such as
animals' breed, stage of lactation, feeding conditions, and geographical location, that may
explain discrepancies amongst studies; and (3) camel milk can be regarded as a healthy
alternative to cow milk for human consumption.
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Table 2. 1 Concentration of camel milk components and macro minerals.

a

Component

Concentration (g/l)

Fat
Protein
Lactose
Casein

3.1 ± 0.671
2.9 ± 0.298
4.3 ± 0.102
2.1 ± 0.150

Ash
TSa
Mineral

0.69 ± 0.081
11.4 ± 1.033
Concentration (mg/l)

Na

645.95 ± 119.5

K
Ca
Mg
Zn

2176.7 ± 199.9
1806.2 ± 165.3
161.12 ± 10.3
4.4 ± 1.1

TS= Total Solids

Data are expressed as mean ± standard deviation.
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Table 2. 2. Fatty acid profile of camel milk.
Fatty acid
C6:0
C8:0
C10:0
C12:0
C14:0
C14:1
C15:0
C16:0
C16:1n7
C17:0
C17:1
C18:0
C18:1 trans
t10
t11 (VA)1
t15
t16
C18:1n9
C18:1 c11
C18:2 n6
C18:2(t9, t12)
C20:0
C18:3n6
C18:3n3
C18:2 c9 t11 (CLA)2
C18:2 t10 c12 (CLA)
C20:1n9
C20:2n6
C20:3n6
C20:5n3 (EPA)3
C24:1
C22:5n3
C22:6n3 (DHA)4
Total saturated
Total unsaturated
Total monounsaturated
Polyunsaturated

g/100g of fatty acid
0.379 ± 0.30
0.519 ± 0.40
0.513 ± 0.29
1.671 ± 0.45
15.591 ± 1.00
2.511 ± 0.64
1.328 ± 0.12
27.140 ± 1.25
13.831 ± 2.41
0.591 ± 0.03
0.635 ± 0.06
7.163 ± 2.26
2.811 ± 0.509
0.411 ± 0.07
1.163 ± 0.27
1.101 ± 0.11
0.136 ± 0.04
13.831 ± 2.41
0.233 ± 0.09
1.834 ± 0.27
0.081 ± 0.01
0.024 ± 0.006
0.282 ± 0.01
0.999 ± 0.007
0.377 ± 0.01
0.124 ± 0.01
0.044 ± 0.003
0.108 ± 0.01
0.054 ± 0.004
0.181 ± 0.01
0.058 ± 0.02
0.225 ± 0.05
0.067 ± 0.03
59.052
40.440
36.259
4.181
1
Data are expressed as mean ± standard deviation. VA = Vaccenic acid, 2 CLA = Conjugated linoleic
acid, 3EPA = Eicosapentaenoic acid, 4DHA = Docosahexaenoic acid.
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Table 2. 3 Volatile compounds in raw camel milk.
Volatile compound
Aldehydes
Hexanal
Heptanal
Benzylaldehyde
2-Octenal
4-Methylbenzaldehyde
Nonanal
2-Nonenal
Decanal
2-Decanal
Undecanal
2-Undecanal
Dodecanal
Hexadecanal
Ketones
γ-Dodecalactone
2-Pentadecanone
2-Heptadecanone
Acids
β-Hydroxydodecanoic acid
Tetradecanoic acid
9-Hexadecenoic acid
Alcohols
2-Furanmethanol
Benzyl alcohol
Esters
Methyl salicylate
Nitrogenous compounds
Oxime- methoxy-phenyl
a

LRIa

Area

742
871
925
1016
1053
1067
1122
1166
1219
1268
1325
1368
1772

1.76E+06
1.15E+07
3.12E+07
1.33E+07
1.16E+07
2.16E+07
1.54E+07
9.17E+06
2.11E+07
1.22E+07
1.98E+07
1.06E+07
2.25E+06

1651
1656
1857

2.70E+06
1.05E+07
4.60E+06

1672
1739
2052

7.57E+06
4.62E+06
1.52E+07

833
992

1.07E+07
9.75E+06

1159

1.72E+07

875

3.13E+07

LRI, liner retention index.
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Table 2. 4. Amino acid profile of camel milk (g amino acid/ 100 g protein).
Amino Acid

(g amino acid/ 100 g protein)

Essential Amino Acids
Histidine

2.92 ± 0.109

Isoleucine

5.39 ± 0.164

Leucine

9.45 ± 0.212

Lysine

6.64 ± 2.089

Methionine

2.35 ± 0.100

Phenylalanine

4.62 ± 0.094

Threonine

4.82 ± 0.125

Tryptophan

1.58 ± 0.170

Valine

6.40 ± 0.087

Non-Essential Amino Acids
Alanine

2.65 ± 0.139

Arginine

4.05 ± 0.157

Aspartic acid

7.10 ± 0.263

Cysteine

0.70 ± 0.134

Glutamic acid

19.26 ± 0.226

Glycine

2.02 ± 0.191

Hydroxylysine

0.32 ± 0.026

Proline

10.09 ± 0.349

Serine

4.25 ± 0.041

Tyrosine

4.50 ± 0.124

Data are expressed as mean ± standard deviation.
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κ-CN

Figure 2.1. Representative gel electrophoresis of camel milk. Each lane 1 to 6 corresponds to an
individual camel milk sample. PM represents the Molecular weight protein marker. Various
protein bands are indicated as α-La = alpha- Lactalbumin, αs₂-CN= αs₂-Casein, β-CN= BetaCasein, αs1-CN= αs1-Casein, CSA= camel serum albumin, LF= Lactoferrin.
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CHAPTER 3
IMPACT OF ULTRASOUND PROCESSING ON SOME MILK-BORNE
MICROORGANISMS AND THE COMPONENTS OF CAMEL MILK
Abstract
Inactivation of pathogenic bacteria Escherichia coli O157: H7 and Salmonella
Typhimurium in camel milk was investigated using ultrasound processing (900 W, 20 kHz,
100% power level). In addition, the effect of ultrasound treatment on raw camel milk
components was studied to detect changes in fatty acid profile, lipid peroxides, protein fractions,
and volatile compounds. Bacterial strains (106 CFU/ml) were added to pasteurized camel milk
samples (70 ml) and transferred into a sterile aluminum container (30 mm x 120 mm, 100-ml
total capacity) and then subjected to continuous ultrasound processing for 15 min in an ice water
bath using a 13-mm diameter probe. The standard plate count (SPC) agar method and the in vivo
imaging system (IVIS) were used to evaluate the viability of bioluminescence-transformed
bacteria (E. coli O157: H7 and S. Typhimurium). The continuous ultrasound processing of camel
milk resulted in significant (P<0.05) reductions in S. Typhimurium and E. coli O157: H7.
Relative to unsonicated raw camel milk, the cis-9, trans-11 conjugated linoleic acid (CLA), and
trans-10, cis-12 CLA contents were not affected (P > 0.05) by the ultrasound processing. The
TBAR values, a marker of lipid peroxidation, and milk protein fractions were also similar (P >
0.05) between the sonicated and unsonicated raw camel milk. A total of 24 volatile compounds
(VC) were identified including 8 aldehydes, 3 ketones, 5 acids, 5 esters, 2 aromatic
hydrocarbonate, and 1 sulfo compound. Of these 24 VC, eleven VC increased (P<0.05), and
seven decreased (P<0.05) after sonication. In conclusion, the results of this study showed that
ultrasound processing of camel milk was efficient in inactivating subsets of milk-borne
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pathogens without detrimental effects on camel milk fatty acids, lipid peroxides, and protein
fractions. However, there were some changes in milk VC which may affect the sensory quality
of milk.
Keywords: camel milk, ultrasound processing, pathogenic bacteria, milk components.

Introduction
The global camel population is estimated to be around 30 million heads to support the
survival and transportation of desert dwellers (Faye et al., 2013). Camel milk has potential
therapeutic characteristics, in addition to its main role in the human diet, by acting as an
antihypertensive (Ayyash et al., 2018), antidiabetic (Ejtahed et al., 2015a), and anticarcinogenic
manner (Habib et al., 2013). Nevertheless, raw camel milk harbors a wide range of pathogenic
microorganisms, such as E.coli O157: H7, S. Typhimurium (Abeer et al., 2012), Staphylococcus
aureus, Coxiella burnetii, Helicobacter pylori (Verraes et al., 2014), and Bacillus cereus (Omer
and Eltinay, 2008).
Milk pasteurization was presented in the mid-nineteenth century as a certified technique
to eliminate the most dangerous and heat resistant milk pathogens such as Coxiella burnetti and
M. tuberculosis (Jay, 1992). However, some pathogenic bacterial strains such as E. coli O157:
H7, have the ability to survive and form biofilms inside the pasteurization equipment (Stopforth
et al., 2003a, Malek et al., 2012, Marchand et al., 2012). Additionally, non-thermal technologies,
such as high hydrostatic pressure (HHP), pulsed electric field (PEF), ultrasound (US), cold
plasma (CP), and ultraviolet (UV) have been investigated in the past few decades, aimed at
inactivating microorganisms and undesirable enzymes without affecting the nutritional and
sensory properties of foods (Lado et al., 2002).
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The use of ultrasound treatment to inactivate bacterial cells was first reported in the late
1920s (Harvey and Loomis, 1929). Since then, this technology has gained a great interest in the
food industry. The ultrasound technique is sound waves that have the ability to travel through
liquid, gas, and solid materials with a frequency range greater than 20 kHz. In recent years,
ultrasound treatment has been tested for enzymatic and microbial inactivation in different foods,
such as fruit juices (Tiwari et al., 2008) milk, and apple cider (D'amico et al., 2006b). Cameron
et al. (2009b) reported that the elimination of E. coli and Pseudomonas fluorescens to zero levels
was achieved using ultrasonication. In addition, the same study reported that ultrasonic waves
did not have negative impacts on the total fat, protein, and lactose content of milk. In fresh apple
juice, sonication significantly improved antioxidant capacity, ascorbic acid, 2,2-diphenyl-1picrylhydrazyl free radical scavenging activity, cloud value, and phenolic compounds (Abid et
al., 2013). In liquid foods, ultrasound processing improves quality parameters, such as viscosity
and homogenization, but it may also have an unfavorable impact on the appearance of offflavors, degradation of specific food compounds, and changes in the physicochemical parameters
or structures of food components (Pingret et al., 2013). To our knowledge, no previous studies
have looked at the effect of ultrasound treatment on camel milk pathogens and components.
Therefore, the objectives of this study were to investigate the influence of ultrasound processing
on the viability of E. coli O157: H7 and S. Typhimurium in camel milk, and the effects of this
technology on fatty acid profile, lipid peroxides, protein fractions, and volatile compounds in
camel milk.
Materials and methods
Bacterial strains
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Non-pathogenic gram-negative Escherichia coli O157: H7 (ATCC 43888) and
Salmonella Typhimurium (ATCC 14028) were kindly provided by Dr. Jean Feugang,
Department of Animal and Dairy Sciences, Mississippi State University. Both strains were
cultured in Luria-Bertani (LB) broth (LB broth, Becton Dickinson, Sparks, MD, USA) at 37 °C
with shaking (250 rpm) and transformed for bioluminescence emission through electroporation
of pXen5-luxCDABE (Caliper life sciences, Hopkinton, MA, USA) containing ampicillin
resistance gene into the target strains. Following culture in plates containing the LB agar medium
with ampicillin (100 µg/ml), all plates were placed in the In Vivo Imaging System (IVIS Lumina
XRMS Series III – PerkinElmer, Waltham, MA, USA) to visualize bacterial colonies that
successfully integrated the transgene (pXen5-luxCDABE+AMP). These positive or
bioluminescent clonies were identified and selected to grow on LB broth for 18-24 hours at 150
rpm until stationary phase.
Additionally, different E. coli O157: H7 (NCTC strain 12900) and S. Typhimurium
(NCTC strain 12023) strains (The Global Bioresource Center, Manassas, Virginia, USA).
Freeze-dried cells of both strains were activated according to the manufacturer's guidelines. One
milliliter of the stock culture of each strain was transferred into 10 ml tryptic soy broth (Difco
Laboratories, Detroit, MI, USA), and then grown at 37 ºC for 24 hours. Thereafter, 10 µl of loop
inocula were transferred into 9 ml tryptic soy broth and incubated at 37 ºC for at least 18 hours to
achieve a stationary phase.
Bacterial concentrations were determined using the optical density measurements at 600
nm with a GENESYS 2 Spectrophotometer (Thermo Spectronic, New York. USA) as reported
by (Gera and Doores, 2011b). A conversion value of 0.01 optical density equal to 8.0×106
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colony-forming unit/ml (CFU/ml) was used. Milk samples received initial inoculations of 106
CFU/ml (6 logs CFU/ml) of each bacterial strain.

Milk Sample preparations
Raw camel milk samples were obtained in 250 ml sterile glass bottles (Frank and Friends
Camel Dairy Farm, Morton-Pelahatchie, Mississippi, USA), and immediately transported in an
ice-cooled box to the laboratory (Department of Animal and Dairy Sciences, Mississippi State
University). Subsets of raw milk were pasteurized in the laboratory by heating 75 ml of raw
camel milk in a 100 ml glass tube at 65 °C for 30 min in a water bath, as previously reported by
Sela et al. (2003a). Pasteurized milk was subsequently cooled to 4 °C. The PBS (0.2 M) was
prepared as described by Christian and Purdy (1962) and the pH was adjusted to 7.5 by the
addition of 2M NaOH.

Ultrasound treatments
Raw and pasteurized camel milk samples were transferred into the sterile aluminum
container (30 mm by 120 mm), which served as the treatment chamber, with a 100 ml total
capacity. An ultrasonic processor (Ultrasonic Processor FS-900N, Hanchen Instrument, China),
set at 900 W, 20 kHz (frequency is auto-tracking), with a 13-mm diameter probe was introduced
into the aluminum container. To avoid contamination, the probe was immersed in 70% alcohol
for 1 minute and left to air dry. The ultrasonic probe tip was immersed in the sample, in the
center of the aluminum container, about 30 mm away from the aluminum container’s bottom. To
determine the reduction of bioluminescent intensity and CFU measurements for nonbioluminescent bacteria, an aliquot (1 ml) of each strain culture was added in aseptic conditions
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to the pasteurized milk sample (70 ml) to yield an approximate 106 CFU/ml. A 10-ml sample
was withdrawn after shaking and placed into a 10-ml sterile vial before the sonication treatment;
this was the 0-time sample (control). Milk samples were then subjected to different ultrasonic
treatment times (5, 10, 15 min) at 20 ± 3 °C.
In order to control the milk’s temperature during treatment, the aluminum container was
placed in an ice-water bath in order to maintain a constant temperature that did not exceed 23 °C.
After subjecting the samples to the ultrasonic treatment, 1 ml of the sonicated milk was used
immediately taken for bacterial analysis, and approximately an additional 20 ml sample was
collected and stored at -20 °C for components analysis. The experiments were carried out in
triplicate for each sample.
Bacterial analysis

Total aerobic cell count:
The total aerobic cell counts for the sonicated and unsonicated camel milk samples were
measured using aerobic count plates (ACP) Petrifilm (3M, St. Paul, MN, USA). Briefly, the
control and sonicated milk samples were serially diluted in PBS. Per the milk sample, one
milliliter of each dilution (10-1 to 10-4) was plated in triplicate on ACP Petrifilm. The 3M
Petrifilm plates were then incubated at 37 °C for 24 hours. All plates were read using an
electronic counter 3M Petrifilm Plate Reader (3M Petrifilm Plate Reader Model 6499, St. Paul,
MN, USA).
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Bacterial growth evaluation:
The standard plate count method was used to determine the viability of E. coli O157: H7
and S. Typhimurium in camel milk before and after sonication treatment. The control and
sonicated camel milk samples that were previously inoculated with E. coli O157: H7 and S.
Typhimurium were 10-fold diluted and 100 µl of each dilution was spread on the surface of a
selective media for each strain and plating triplicate for each dilution. The selective chromogenic
medium Hicrome TM Salmonella Agar (Sigma-Aldrich, St. Louis, USA) was used for E. coli
O157: H7 and a selective medium Brilliant Green Agar, modified (Sigma-Aldrich, St. Louis,
USA) for S. Typhimurium. All bacterial plates were incubated at 37 °C for 24 hours and bacterial
colonies were enumerating based on CFU/ml. Simultaneously, the viability of bioluminescence
E. coli O157: H7 and S. Typhimurium was measured in photon per second (P/S) with an IVIS to
visualize the survival of bacterial cells. All microbiological analyses were conducted in triplicate
for each ultrasound experiment.
Components analyses
Analyses were performed before and after ultrasound treatment to evaluate effects on:
Fatty acids
The fatty acid profile of camel milk was analyzed with Gas Chromatography (GC Shimadzu Scientific Instruments, Colombia, MD, USA) using the procedure outlined by Kramer
et al. (1997). The GC temperature program and program settings were adjusted as described by
AbuGhazaleh and Holmes (2007b).
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Lipid oxidation
The extent of oxidation in camel milk samples before and after sonication was assessed
using the ThioBarbituric Acid Reactive Substances (TBARS) test which measures
malondialdehyde, the secondary product of oxidation in the samples. The TBARS chemically
react with lipid peroxidation components in the milk, resulting in colorimetric changes in
samples that are spectrophotometrically measured at 532 nm, as described by Spanier and Taylor
(1991).
Protein fractions
Protein fractions of the control and sonicated camel milk samples were examined by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using X Cell Sure Lock
Mini-Cell Electrophoresis System (Invitrogen, Carlsbad, CA, USA). Protein concentrations were
measured using the Pierce Coomassie plus assay kit (Thermo Fisher Scientific, Waltham, MA,
USA). Equal amounts among samples were mixed with the loading sample buffer (Nupage LDS
- Thermo Fisher Scientific, Waltham, MA, USA), incubated at 70 ºC for 10 min, centrifuged at
14,000 × g for 20 min, and supernatants were loaded, together with a molecular weight marker
(20 kDa to 118 kDa - Fisher’s EZ-Run Pre-stained Protein Marker, USA), onto a 4-12% SDSgradient gel electrophoresis (Bis-Tris Nupage Mini Gel - Thermo Fisher Scientific, Waltham,
MA, USA). Following electrophoresis, the gels were stained with Coomassie brilliant blue R250 staining solution (Bio-Rad, Hercules, CA, USA) for protein band visualization.
Volatile compounds
Extraction and concentration of volatile compounds in the control and sonicated milk
samples were performed by solid-phase microextraction (SPME) according to Thompson‐
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Witrick et al. (2015b). A SPME fiber (50/30 um DVB/Carboxen/PDMS, Supelco, Inc.,
Bellefonte, PA, USA) was exposed to the headspace above 10 mL of milk sample, and 30% w/v
of salt in 20 mL headspace vials with Teflon-lined silicone septa (Chromacol, Fisher Scientific)
for 30 minutes at 40 °C with an agitation speed of 250 rpm. Samples were equilibrated at 40 °C
for 60 minutes prior to exposing the fiber. A MultiPurpose Sampler MPS XL (Gerstel,
Linthicum, MD) SPME autosampler was used for the automation of extraction and injection.
Volatile compounds were desorbed for three minutes in the injection port of a 7820A gas
chromatograph (GC) 5977B Series mass spectrometer (MSD) and flame ionization detector
(FID) (Agilent Technologies Inc., Santa Clara, CA, USA). The injection port was set to 250 °C,
and all injections were made in splitless mode using a narrow bore, deactivated glass insert.
Volatile compounds were separated using a nonpolar Agilent-19091S column (Agilent; 30 m *
0.25 mm id * 0.25 μm film thickness) with He as the carrier gas at a flow rate of 2.0 mL/min
(linear velocity 53.8 cm/sec). The GC oven temperature program was 35 ºC held for 5 minutes
and then increased to 225 ºC at a rate of 6 ºC/min. Once the final temperature of 225 ºC was
reached, it was maintained for 10 minutes. The MS was maintained at 200 °C and the sample
mass was scanned in the range of 40 – 400 amu. Gas chromatography-mass spectrometry (GCMS) was performed to identify the volatile compounds present in the control and experimental
camel milk samples. Peaks were identified using standardized retention time (retention index
values, RI), pure compounds, and fragmentation spectra of standards, and the Wiley 2014 mass
spectral library.
Volatile compounds were identified based upon their RI values using nonpolar (DB-5)
columns (30m x 0.25 mm i.d., 0.25 μm film; J&W, Folsom CA). The RI values were compared
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to literature values. Aliphatic hydrocarbon standards were analyzed in the same manner using a
DB-5 column to calculate RI.
RI = 100N + 100n (tRa – tRn)/ (tR (N+n) – tRN)
N is the carbon number of the lowest alkane and n is the difference between the carbon numbers
of the two n-alkanes that are bracketed between the compounds; tRa, tRn, and tR (N+n) are the
retention times of the unknown compound, the lower alkane, and the upper alkane.
Statistical analysis
The JMP predictive analytics software (Version pro-14.0) was used for statistical
analyses. All data were analyzed with a one-way ANOVA, at a significant level of P < 0.05.
Results
Impact of ultrasound processing time on the viability of E. coli O157: H7 and S.
Typhimurium in pasteurized camel milk
The survival curves of E. coli O157: H7 and S. Typhimurium in the mid-stationary phase
exhibited almost the same inhibition pattern after 10 minutes of ultrasound processing. Complete
inactivation of E. coli O157: H7 and 4.4 log reduction of S. Typhimurium were achieved after 15
minutes of ultrasound treatment. The effect of sonication time on E. coli O157: H7 and S.
Typhimurium are presented in Figure 3.1. A linear decrease (P < 0.05) in the viable count of
both strains are observed.
Enumeration and monitoring of surviving cells
The standard plate count results revealed that ultrasound processing of raw camel milk
for 15 minutes resulted in a 2 log CFU/ml reduction (P=0.002) in total aerobic bacteria compared
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to the control (Table 3.1). The initial bacterial population in raw camel milk was approximately 6
log CFU/ml. Additionally, sonicating camel milk for 15 minutes resulted in the total elimination
of E. coli O157: H7 and a 4.4 log reduction in S. Typhimurium (Table 3.1). Bacterial
bioluminescence emission in camel milk was monitored before and after ultrasound processing
in 30 ml universal tubes using IVIS to monitor the survival of S. Typhimurium and E. coli O157:
H7 (Figure 2). The amount of bioluminescence in camel milk decreased after sonication from
4.55E+08 P/S for E. coli O157: H7 and 2.54E+09 P/S for S. Typhimurium before sonication to
1.36E+05 P/S and 3.84E+05 P/S after sonication, respectively. The results of the SPC method
coincided with the photon measurements in the region of interest (ROI) which was taken
concurrently using an IVIS imager.
Impact of ultrasound processing on camel milk components
Fatty acid profile
The effect of sonication on the concentration of fatty acids are presented in Table 3.2.
Except for a slight reduction (P < 0.01) in C18:1 trans and C20:1n9 (P < 0.02), no significant
changes were detected between the control and the sonicated milk samples. Two conjugated
linoleic acids (CLA) (cis-9, trans-11 CLA, and trans-10, cis-12 CLA) were evaluated as well
and no significant changes (P = 0.88) were detected between the control and the sonicated milk
samples (Figure 3.3).
Lipid oxidation
The effect of treatments on camel milk TBARS values is presented in Figure 3.4. No
significant differences in TBARS values were observed between the control and the sonicated
milk samples.
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Milk protein
Representative gel electrophoreses of ultrasonicated and control camel milk samples are
presented in Figure 3.5. In lane 1, it is possible to observe four protein bands with apparent
molecular weights of 15, 35, 37, and 88 kDa, respectively. The sonicated camel milk (lane 2) had
the same bands in addition to a new band with a molecular weight of 65 kDa. The SDS-PAGE
profile of camel milk samples showed no significant differences (P=0.83) in protein molecular
weight between the control and sonicated samples (Figure 3.5).
Volatile compounds

A total of 24 VC were identified using a combination of retention index and mass
spectral matching against the NIST library standards (Table 3.3). The total number of VCs
identified in the camel milk prior to sonication was 13. Of these 13 compounds, seven
compounds (Nonanal, decanal, undecanal, 2- undecanal, dodecanal, β-hydroxydodecanoic acid,
and 2- heptadecanone) disappeared after sonication, two compounds (methyl salicylate, 2pentadecanone) decreased (P < 0.05), and four were not affected (P > 0.05). Sonication also
resulted in the formation of eleven VC that were not detected in milk before sonication and these
compounds were (O-cymene, γ-Terpinene, 4-nonenal, methyl caprate (octanoate), octanoic acid,
β-phenethyl acetate, methyl caprate (decanoate), ethyl caprate (decanoate), γ-dodecalactone, 2pentadecanone, Z-7-tetradecanoic acid, and palmitoleic acid). Additionally, Sonication had no
effect (P > 0.05) on heptanal, oxime-methoxy-phenyl, 4-methylbenzaldehyde, and 9-headecenoic
acid (Table 3.3).
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Discussion
The conventional heat treatment or pasteurization of camel milk has been reported to
significantly impact milk composition and destroy protective proteins and immunoglobulins
(Hattem et al., 2011b). In recent years, the increased consumers’ interest in nutritional and highquality, healthy food has led to the development of non-thermal treatment methods to reduce
microbial contamination (Cappozzo et al., 2015).
E. coli O157: H7 is an important foodborne pathogen that causes severe illness such as
hemorrhagic colitis by producing a powerful toxin (Wells et al., 1991). Outbreaks of E. coli
O157: H7 associated with pasteurized milk have been reported (Goh et al., 2002). Alternatively,
an outbreak of Salmonella Typhimurium infection has been reported due to contamination after
pasteurization (Olsen et al., 2004). The results of the current study showed that sonication time
enhanced the effect of ultrasound treatment on microbial inhibition. Our results are in accordance
with Li et al. (2016)who also reported that longer sonication time led to greater reductions in the
surviving population of E. coli and Staphylococcus aureus in a 0.85% saline solution.
Additionally, Shamila-Syuhada et al. (2016) reported that E.coli and S. Typhimurium were
equally susceptible to the ultrasound treatment in UHT milk and the inactivation rate of bacterial
cells increased as the exposure time was increased from 5 to 15 minutes.
In addition to the SPC method, the effect of sonication on the inoculated bacterial strains
was also monitored by measuring the bioluminescence emission before and after sonication
treatment. Bioluminescence imaging technology is a new powerful tool that can be applied to
monitor and track the growth of bioluminescence bacteria in different hosts (Contag et al., 1998)
and milk (Maye et al., 2016). Previous studies reported strong correlations between the
traditional bacterial count method and the bioluminescence signal (Maye et al., 2016). Consistent
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with the observed log reductions with the PCA, the amounts of bioluminescence for both tested
strains in this study were also reduced following sonication further demonstrating the viability of
bioluminescent imaging as a tool to monitor bacterial survival in milk.
In this study, we investigated the total aerobic bacteria population in raw camel milk for
their susceptibility to ultrasound treatment. The 2 log reduction following sonication was
consistent with the findings of Herceg et al. (2012a). These authors reported 2 and 2.2 log
reductions, respectively; while (D'amico et al., 2006b) reported a 2.6 log reduction in total
bacteria in raw bovine milk after only 6 minutes of sonication treatment. The differences
between these studies may be attributed to the different processing conditions among these
studies. For instance, the duration, frequency, and intensity of ultrasound processing, ultrasonic
probe size and position, and the amplitude of ultrasound waves, the initial concentration, and the
strains of the bacterial load and their growth phase could affect the outcomes of these different
studies (Herceg et al., 2012a, Herceg et al., 2012c).
Previous studies (Li et al., 2016) reported that Gram-negative bacteria are more sensitive
to ultrasound processing than Gram-positive bacteria. However, a study by (Scherba et al., 1991)
reported no significant relationship between the Gram-status of the bacterial culture and the
ultrasonic inactivation. In the present study, we used two Gram-negative bacterial strains and E.
coli appeared more sensitive to ultrasound treatment than S. Typhimurium. The lethality effect of
ultrasound treatment is multifactorial, including mechanical damage to cell membrane,
intracellular pore formation, cell membrane retreating and disruption, the release of cytoplasm
contents, and free radicals production that result in DNA degradation (Golmohamadi et al.,
2013). Furthermore, it has been reported that the efficiency of ultrasound treatment is influenced
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by many factors such as the size of bacterial cells, the suspending medium, and the microbial
strain tested (Lee et al., 1989).
Data presented in Table 3.2 imply that the ultrasound processing of camel milk had no
explicit impact on all detected fatty acids except for C18:1 trans and C20:1n9. In reviewing the
literature, no data was found on the association between ultrasonication and its impact on bovine
or camel milk fatty acid profiles. In addition, two CLA isomers naturally found in dairy products
derived from ruminants were evaluated. The cis-9, trans-11 CLA, which has been linked to
positive health impacts such as anti-carcinogenic, anti-diabetic, anti-atherogenic, and immune
system enhancement, and the trans-10, cis-12 CLA that has been linked to body fat reductions
(Belury, 2002a). Our results did not show significant differences in the levels of CLAs between
sonicated and control samples. Herzallah et al. (2005) reported that pasteurization at 85 ± 1.0 °C
for 16 sec or at 95 ±1.0 °C for 5 minutes had no significant effect on bovine milk CLA content.
However, Rodríguez-Alcalá et al. (2014), reported that sterilization of raw cow milk resulted in a
rearrangement of cis-9, trans-11 CLA to trans -9, trans -11 CLA. Additionally, when Herzallah
et al. (2005) heated the milk in a microwave at 95.8 ±1.0°C for 5 minutes, milk CLA
significantly decreased. The changes in CLA formation in these studies were attributed to the
heating of milk, which therefore may explain the no change in CLA formation in our study.
Lipid oxidation refers to the oxidative degradation of lipids from free radicals, which in
milk leads to the formation of undesirable off-flavor and flavorful secondary oxidation products
such as 4-hydroxynonenal (HNE), hexanal, and malondialdehyde (MDA) (Akoh, 2005). The
thiobarbituric acid reactive substances (TBARS) is a routine test to measure the MDA in milk
samples. In the current study, the ultrasonication is expected to create intracellular cavitation that
results in temperature increased and free radical generation, such as hydroxyl and hydrogen
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radicals promoting lipid oxidation (Makino et al., 1983). The TBARS values were similar
between sonicated and control milk samples suggesting little oxidation during the ultrasound
treatment. Juliano et al. (2014) concluded that concomitant decreases of sonication temperature
and time are keys to control lipid oxidation in milk. Additionally, a study reported that milk
proteins, in particular, casein and lactoferrin (LF) could inhibit lipid oxidation. The greater LF
content in camel milk than in bovine milk (2.44 times greater; Park (2009)) along with the low
milk temperature during the ultrasound treatment (20 ± 3 °C) in our study may explain the lack
of ultrasound effect on TBARS.
SDS-PAGE results for camel milk samples showed two bands belonging to whey
proteins. The first band with a molecular weight of 15 kDa may correspond to α- LA in
agreement with El-Agamy et al. ( 1997 ) who recognized α- LA at a molecular weight of 15 kDa.
The second observed band of 88 kDa was defined as the camel lactoferrin (LF). In a previous
study, a similar protein of 80 kDa was characterized as a camel milk lactoferrin by Redwan and
Tabll (2007). These authors also revealed the presence of two camel milk casein fractions of 35
kDa and 37 kDa likely corresponding to αs1-CN and MW37, respectively. Ochirkhuyag et al.
(1997) stated that the molecular mass of αs1-CN of dromedary (Camelus dromedarius) is 35 kDa
compared to 34 kDa for camel (Camelus bacterianus). When camel milk samples were sonicated
for 15 minutes, no changes in casein or whey protein electrophoretic patterns were noticed. This
finding is in agreement with Yanjun et al. (2014) who reported no significant changes in the
molecular weight of ultrasonicated reconstituted milk protein concentrate samples. However, the
intensity of all detected bands of sonicated samples increased in this study. In addition, the band
of approximately 65 kDa was attributed to the camel serum albumin or CSA that is consistent
with Farah (1986) who reported comparable CSA molecular weight (66 kDa). Further
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investigations are needed to interpret the band intensity changes and the appearance of a new
band after the ultrasound processing of raw camel milk.
Gas chromatography coupled with a mass spectrometer (GC-MS) was used for the
identification of the volatile and semi-volatile compounds within camel milk prior to and
following sonication treatment. SPME has been used as a viable extraction technique for volatile
and semi-volatile compounds in fruit-flavored malt beverages and fermented milk (Dan et al.,
2017). The current study found that a number of VCs were detected in camel milk following
ultrasound processing. These findings are in agreement with Riener et al. (2009), who showed
that 14 volatiles generated by ultrasound treatment of pasteurized bovine milk for 15 minutes.
The increase in VC formation in Riener’s study was attributed to the increase in temperature
consistent with the findings of others (Pereda et al., 2008). However, a study (VazquezLandaverde et al., 2005) reported no effect of thermal processing on VC in raw and pasteurized
milk. In our study, milk temperature was maintained low (20 ± 3 °C) during ultrasound treatment
and therefore, any increase in VC would be attributed to the sonication reactions. The
mechanism(s) by which sonication increases the formation of VC in milk is not well-known but
probably can be attributed to fatty acids oxidation (Vazquez-Landaverde et al., 2006) consistent
with the observed reductions in some fatty acids (C18:1 trans, C18:1c9, C20:1n9, and C22:6n3)
in this study.
Conclusion
This study set out to determine the effect of non-thermal ultrasound processing on camel
milk microflora including some pathogenic strains and the main components of camel milk. This
technique was effective to inactivate E. coli O157: H7 and S. Typhimurium from camel milk.
However, the total aerobic microorganisms count reduced by only 2 logs. Furthermore, camel
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milk fatty acids, protein fractions, and lipid peroxides were not affected significantly by
ultrasound treatment. However, the formation of VC increased after ultrasound processing.
Further tests are needed to evaluate the impacts of the proposed ultrasound technique on camel
milk sensory properties.
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Table 3. 1. Effect of sonication process on the total viable count in raw camel milk and on the
surviving of E. coli O157: H7 and S. Typhimurium in pasteurized camel milk.
Control*

Sonication*

Log Reduction*

Total aerobic bacteria

5.9

3.9

2.0

E. coli O157: H7

6.0

NDa

6.0

S. Typhimurium

6.0

1.6

4.4

Bacterial Strains

*

Count (log CFU/ml); (a) ND, not detected (detection limit is < 1 CFU/ml).
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Table 3. 2. Average fatty acids profile (g/100g fatty acids) for raw and sonicated camel milk.
Fatty acid
C6:0
C8:0
C10:0
C12:0
C14:0
C14:1
C16:0
C16:1
C18:0
C18:1 trans
C18:1c9
C18:1c11
C18:2 t9t12
C18:2 c9c12
C18:3n6
C18:3n3
C20:1n9
C20:4n6
C20:5n3 (EPA)
C22:5n3
C22:6n3 (DHA)

Raw milk
0.32
0.32
0.23
0.86
9.55
0.79
22.88
5.16
17.58
5.83
20.80
0.43
0.11
3.74
0.38
0.53
0.07
0.20
0.01
0.09
0.01

Sonicated SEM
0.36
0.37
0.25
0.88
9.59
0.80
22.71
5.15
17.57
5.57
20.60
0.42
0.11
3.74
0.38
0.53
0.06
0.20
0.01
0.01
0.04

0.022
0.024
0.011
0.017
0.036
0.009
0.065
0.009
0.183
0.015
0.068
0.003
0.0007
0.009
0.002
0.001
0.0004
0.001
0.005
0.016
0.008
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P-value
0.24
0.28
0.36
0.57
0.52
0.57
0.17
0.81
0.95
0.01
0.13
0.17
0.12
0.79
0.17
0.38
0.02
0.84
0.55
0.41
0.08

Table 3. 3. Volatile compounds of camel milk prior to and following sonication treatment.
Compound Name
Heptanal
Oxime- methoxy-phenyl
O-Cymene
γ-Terpinene?
4-Methylbenzaldehyde
4-Nonenal
Nonanal
Methyl caprylate (octanoate)
Octanoic acid
Methyl salicylate
Decanal
β-Phenethyl acetate
Undecanal
Methyl caprate (decanoate)
2-Undecanal
Ethyl caprate (decanoate)
Dodecanal
γ-Dodecalactone
2-Pentadecanone
β-Hydroxydodecanoic acid
Z-7-Tetradecenoic acid
2-Heptadecanone
Palmitoleic acid
9-Hexadecenoic acid

Control Sonication P-value
1.23E+08a 1.78E+07
0.286
3.13E+07 2.83E+07
0.5239
b
ND
6.15E+06 <0.0001
ND
1.30E+07
0.0446
1.16E+07 7.28E+06
0.2952
ND
2.92E+07
0.0017
1.34E+08
ND
0.009
ND
1.37E+07 <0.0001
ND
1.73E+07
0.0001
1.72E+07 5.88E+06
0.0008
2.08E+07
ND
0.0053
ND
4.42E+06
0.0016
1.47E+07
ND
0.0064
ND
1.80E+06
0.0309
1.06E+08
ND
0.0043
ND
3.82E+06
0.0069
1.21E+07
ND
0.0034
ND
7.17E+06
0.0069
1.05E+07 3.43E+06
0.0285
7.57E+06
ND
0.0017
ND
1.50E+07
0.0271
4.60E+06
ND
0.0597
ND
2.09E+07
0.0132
1.52E+07 3.05E+06
0.2249

a

The data is representative of the area underneath the curve.

b

ND: not detected within the sample.
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Figure 3. 1. Survival curves of E. coli O157: H7 and S. Typhimurium treated with ultrasound
waves at a different time period in pasteurized camel milk.

A)

B)

Figure 3.2. Quantification of bioluminescent E. coli O157: H7 (A) and S. Typhimurium (B) in
pasteurized camel milk before and after sonication.
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Figure 3. 3. Effect of sonication on cis-9, trans-11, CLA and trans-10, cis-12 CLA in raw camel
milk.
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Figure 3. 4. Effect of sonication on TBARS in raw camel milk.

50

Figure 3. 5. Effect of sonication process on protein fractions of raw camel milk (lane 2)
compared to the non-sonicated (control) raw camel milk (lane 1). PM = protein marker.
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CHAPTER 4
THE EFFECT OF DIFFERENT ULTRAVIOLET (UV-C) LIGHT DOSES ON MICROBIAL
REDUCTION AND THE COMPONENTS OF CAMEL MILK
Abstract
As a result of increasing interest in non-thermal technologies as a possible alternative or
complementary to milk pasteurization processing, the objectives of this study were to determine
the effects of different ultraviolet (UV-C) light doses on the viability of E. coli O157:H7
and Salmonella enteritica serovar Typhimurium and chemical changes to camel milk
components. Pasteurized and inoculated camel milk samples were UV-C treated in a continuous
flow system. The viability of E. coli O157:H7 and S. Typhimurium was evaluated with both in
vivo imaging system (IVIS) and traditional plate count agar (PCA) method. Samples subjected to
the 4.15, 8.30, and 12.45 mJ/cm2 of UV-C treatment resulted in 1.9, 3.3, and 3.9-log reductions
in E. coli O157:H7 and 0.9, 3, and 3.9-log reductions in S. Typhimurium, respectively. The
measurement of secondary lipid peroxidation products (or TBAR values) showed no significant
(P > 0.05) differences between the raw and UV-C treated milk samples. Additionally, no
changes (P > 0.05) in the protein profiles of αs1-casein (αs1 –CN), α-lactalbumin (α-LA), and
lactoferrin (LF) were observed between both samples. Compared to the untreated raw milk,
c9t11 conjugated linoleic acid (CLA) decreased (P < 0.01) while t10c12 CLA increased (P <
0.01) in the UV-C treated milk. Furthermore, three new volatile compounds were identified in
the UV-C treated milk compared to the control. In conclusion, milk treated with the UV-C light
at a dose of 12.45 mJ/cm2 did not meet the FDA requirements for the 5-log pathogen reduction.
The UV-C treatment, on the other hand, had minimal effects on camel milk components.
Keywords: Camel milk, UV-C, E. coli O157:H7, volatile compounds, CLA.
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Introduction
The global market for camel dairy products is currently developed because of the
reported health benefits of camel milk. It has the same essential nutrients as bovine milk (ElAgamy et al., 1998); but higher biological values for the antimicrobial factors such as lactoferrin,
lysozyme, and immunoglobulins (El Sayed et al., 1992). In addition, camel milk has
extraordinary medicinal properties against hepatitis (El Miniawy et al., 2014), diabetes (Agrawal
et al., 2005), autism (Shabo et al., 2005b), allergies (Shabo et al., 2005a), alcohol-induced liver
damage (Ahmed et al., 2011), and lactose intolerance (El-Agamy et al., 2009).
In the dairy industry, heat treatment, such as pasteurization and sterilization are the most
common processing technologies used to inactivate milk-borne pathogens and to extend the shelf
life of the product. However, heat treatments have direct effects on the biological, functional, and
nutritional properties of milk proteins, lipase enzymes, and vitamins (Hernell and Olivecrona,
1974, Elagamy, 2000c). Additionally, heat treatment was reported to increase the oxidation of
milk and dairy products (Deeth, 2006). Therefore, non-thermal technologies have gained
popularity in the last few decades as potential alternatives to conventional thermal food
processing (Picart-Palmade et al., 2019). In the dairy sector, high-pressure processing (HPP),
microwave heating (MWH), and ultraviolet (UV) treatments are the most three important
technologies in commercial applications (Jermann et al., 2015). Ultraviolet light treatment has
been successfully used in water disinfection on a commercial scale (Parrotta and Bekdash, 1998).
Short-wave UV-C light (200-280 nm) is not only one of the most valuable non-thermal
techniques due to its ability to inactivate most microorganisms, such as bacteria, viruses, and
parasites; it is also a safe and cost-effective method (Bintsis et al., 2000). Numerous pathogens
can contaminate milk and cause illness or death. The common pathogenic bacteria identified in
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milk products are Brucella spp., Coxiella burnettii, Campylobacter jejuni, Escherichia coli
O157:H7, Listeria moncytogenes, Mycobacterium tuberculosis, Salmonella spp., and Yersinia
enterocolitica (Roberts et al., 2005). Several outbreaks associated with the consumption of
unpasteurized dairy products caused by E. coli O157:H7 have been reported in the US (Gaulin
et al., 2012). Similarly, Salmonella spp. is one of the high-risk food pathogens of significant
health concern associated with milk-borne outbreaks (Control and Prevention, 2008). The current
US FDA regulations for milk pasteurization require “commercial sterility” which means “to
render the food free from microorganisms including spores capable of growing in the food at
normal non-refrigerated conditions at which the food is likely to be held during distribution and
storage” (US FDA, 2018). Masschelein and Rice (2016), suggested the destruction mechanism of
microbial cells occurs due to the effective absorption of UV-C light by the pyrimidine bases of
the bacterial DNA, causing the creation of pyrimidine dimer between neighboring pairs of
cytosine and thymine on the same DNA strand. The formation of these bonds prevents bacteria
from replication, causing cell death.
Milk was first treated with UV light in the mid-1900s for vitamin D enrichment (Harry,
1928). Thereafter, UV-C light has been reported as a successful method to reduce the bacterial
load of opaque fluids, such as milk (Rossitto et al., 2012) and fruit juices (Keyser et al., 2008)
without affecting the sensory qualities. However, the low effective penetration of UV-C light
through turbid fluids such as milk has affected its use as a non-thermal technology (Koutchma et
al., 2019). However, previous studies using continuous turbulent flow systems have reported an
increase in the penetration of UV-C light in turbid liquids resulting in more effective bacterial
load reductions (Rossitto et al., 2012, Cappozzo et al., 2015, Crook et al., 2015).
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To the best of our knowledge, the effects of UV-C light on bacterial inactivation and
chemical components of camel milk remain unknown. Therefore, this study aimed to determine
the influence of UV-C treatment on the viability of E. coli O157:H7 and S. Typhimurium in
camel milk and to evaluate the effects of this technology on the camel milk fatty acid profile,
lipid peroxides, protein fractions, and volatile compounds.
Materials and methods
Bacterial strains
Non-pathogenic gram-negative Escherichia coli O157:H7 (ATCC 43888) and S.
Typhimurium (ATCC 14028) obtained from the American Type Culture Collection (ATCC,
Manassas, VA), were used in this study. Both strains were cultured in Luria-Bertani (LB) broth
(LB broth, Becton Dickinson, Sparks, MD, USA) at 37 °C with shaking (250 rpm) and
transformed for bioluminescence emission through electroporation of pXen5-luxCDABE
(Caliper life sciences, Hopkinton, MA, USA) containing ampicillin resistance gene in the target
strains. After, the culture was plated on LB agar medium with ampicillin (100 µg/mL), all plates
were placed in the In Vivo Imaging System (IVIS Lumina XRMS Series III – PerkinElmer,
Waltham, MA, USA) to visualize bacterial colonies that successfully integrated the transgene
(pXen5-luxCDABE+AMP). These positive or bioluminescent clones were identified and
selected to grow in LB broth for 18-24 hours at 150 rpm until the stationary phase.
Additionally, freeze-dried E. coli O157:H7 (NCTC strain 12900) and S. Typhimurium
(NCTC strain 12023) were activated according to the manufacturer guideline (The Global
Bioresource Center, Manassas, Virginia, USA). One milliliter of each strain was transferred from
the culture stock into 10 mL of tryptic soy broth (Difco Laboratories, Detroit, MI, USA) and
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grown at 37 ºC for 24 hours. Thereafter, 10 µL of loop inocula was transferred into 9 mL of
tryptic soy broth and incubated at 37 ºC for at least 18 hours to achieve the stationary phase.
Bacterial concentrations were determined using the optical density measurements at 600
nm with a GENESYS 2 Spectrophotometer (Thermo Spectronic, New York, USA) as reported
by Gera and Doores (2011). A conversion value of 0.01 optical density equal to 8.0×106 colonyforming unit/mL (CFU/mL) was used. Milk samples were initially inoculated with a cell
suspension of each bacterial strain to provide ≈1×106 CFU/mL (6 log10 CFU/mL).
Milk Sample preparations
Raw camel milk samples were collected in 250 mL sterile glass bottles (Frank and
Friends Camel Dairy Farm, Morton-Pelahatchie, Mississippi, USA) and immediately transported
in an ice-cooled box to the laboratory (Department of Animal and Dairy Sciences, Mississippi
State University). Milk samples were sent to Prairie Farms (Carlinville, IL) for analysis of fat,
protein, lactose, casein, and total solids (AOAC, 2000, method # 972.16) by midinfrared
spectrophotometry (Foss 303 Milk-O-Scan®; Foss Foods, Inc.; Prairie Farms, Carlinville, IL).
The composition of camel milk used in this study was as follow: fat: 3.1% ± 0.67; protein: 2.9%
± 0.29; lactose: 4.3% ± 0.10, casein: 2.1% ± 0.15, and total solids: 11.4% ± 1.03.
In the laboratory, subsets (200 mL) of raw milk in glass tubes (250mL) were placed in a
water bath for pasteurization (30 min at 65 °C), as previously reported (Sela et al., 2003b). The
pasteurized milk was subsequently cooled to 4 °C. The PBS (0.2 M) was prepared as described
by Christian and Purdy (1962) and the pH was adjusted to 7.5 by the addition of 2M NaOH.
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Ultraviolet treatment
The pasteurized camel milk samples (200 mL; n=15) were transferred separately into an
autoclaved continuous UV-C unit. A low-pressure UV-C mercury lamp (American Ultraviolet
Co., Lebanon, IN, USA) was used with a 253.7 nm UV output peak and irradiance of 13.8
µW/cm2. The lamp had a 15 mm outside diameter and a 760 mm arc length. The UV-C
irradiance at the quartz surface of the lamp was measured using an ILT 2400 radiometer (Cure
UV Co., Delray Beach, FL, USA). A quartz sleeve (22 mm outside diameter and a length of 600
mm) was used to protect the UV germicidal lamp. The glass sleeve had two side terminal short
tubes, 2 cm away from the ends. Fisher brand 5/16 ID X 1/16 tubing wall was used to connect
the terminal tubes and pass through a digital speed pump (Baoding Chuangrui Precision Pump
Co., Ltd, China) to pump the milk through the closed UV-C unit to prevent contamination
(Figure 4.1). The continuous circulation of milk in the enclosed unit allowed the milk to get
exposed to the UV-C while being mixed.
A sterile syringe was used to add bacteria to milk samples at final concentrations of
approximately 106 CFU/mL. Each inoculated milk sample flowed within the gap between the
UV-C lamp and quartz sleeves at a flow rate of 25.5 L/h. A milk sample (5 mL) was collected
prior to UV-C exposure (control) and three more milk samples (5 mL each) were collected after
5, 10, and 15 min of UV-C exposure, resulting in 4.15, 8.30, and 12.45 mJ/cm2 UV-C doses,
respectively (See appendix for equation). The applied UV-C dose was calculated according to
Cappozzo et al. (2015). Of the 5 mL collected, one mL from each sample was used immediately
for the bacterial count as described below. The rest of the milk samples were stored at -20 °C for
components analyses. To prevent personal exposure to UV-C light, the continuous UV-C unit
was covered with aluminum foil.
57

Bacterial growth evaluation
The standard plate count method was used to determine the viability of E. coli O157:H7
and S. Typhimurium in camel milk before and after UV-C treatments. The control and UV-C
treated camel milk samples previously inoculated with E. coli O157:H7 and S. Typhimurium,
were 10-fold diluted with PBS and 100 µL of each diluted bacteria was spread on the surface of
a selective media (Sigma-Aldrich, St. Louis, USA), consisting of the chromogenic medium
Hicrome ™ Salmonella Agar improved and the Brilliant Green Agar modified for E. coli
O157:H7 and S. Typhimurium, respectively. All bacterial plates were incubated at 37 °C for 24
hours and bacterial colonies were enumerated based on CFU/mL. Simultaneously, the viability
of bioluminescence E. coli O157:H7 and S. Typhimurium were measured in photon per second
(P/S) with an IVIS to visualize the survival of bacterial cells. All microbiological analyses were
conducted in triplicate for each ultraviolet experiment.
Components analyses
For the component analyses, the same UV-C settings used for the microbial work were
repeated as described previously except this time, raw milk was used. Analyses were performed
before and after the UV-C treatment to evaluate effects on:
Fatty acids
The fatty acid profile of camel milk was analyzed before and after UV-C treatments with Gas
Chromatography (Shimadzu Scientific Instruments, Colombia, Maryland, USA), using the
procedure outlined by Kramer et al. (1997). The GC temperature program and settings were
adjusted as previously described (AbuGhazaleh and Holmes, 2007a).
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Lipid oxidation
The extent of oxidation in milk samples before and after UV-C treatments was assessed
using the ThioBarbituric Acid Reactive Substances (TBARS) test that measures
malondialdehyde, the secondary product of oxidation in the samples as previously described
(Spanier and Traylor, 1991).
Protein fractions
Protein fractions were examined by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using XCell Sure Lock Mini-Cell Electrophoresis System
(Invitrogen, Carlsbad, California, USA). Protein concentrations were measured using the Pierce
Coomassie plus assay kit (Thermo Fisher Scientific, Waltham, Maryland, USA). Equal amounts
of milk samples were mixed with the loading sample buffer (Nupage LDS - Thermo Fisher
Scientific, Waltham, Maryland, USA) and all mixtures were incubated at 70 ºC for 10 min.
Thereafter, samples were centrifuged at 14,000 × g for 20 min and supernatants containing
proteins were collected and loaded, together with a molecular weight marker (20 kDa to 118 kDa
- Fisher’s EZ-Run Pre-stained Protein Marker, USA), onto a 4-12% SDS-gradient gel
electrophoresis (Bis-Tris Nupage Mini Gel - Thermo Fisher Scientific, Waltham, MA, USA).
Following electrophoresis, the gels were stained with Coomassie brilliant blue R-250 staining
solution (Bio-Rad, Hercules, CA, USA) for protein band visualization.
Volatile compounds
Extraction and concentration of volatile compounds in the control and UV-C treated milk
samples were performed by solid-phase microextraction (SPME) according to Thompson‐
Witrick et al. (2015a). Briefly, a SPME fiber (50/30 um DVB/Carboxen/PDMS, Supelco, Inc.,
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Bellefonte, PA, USA) was exposed to the headspace above 10 mL of milk sample and 30% w/v
of salt in 20 mL headspace vials with Teflon-lined silicone septa (Chromacol, Fisher Scientific)
for 30 min at 40 °C under agitation (250 rpm). Samples were equilibrated at 40 °C for 60 min
prior to exposure to the fiber. A MultiPurpose Sampler MPS XL (Gerstel, Linthicum, Maryland)
SPME autosampler was used for the automation of extraction and injection. Volatile compounds
were desorbed for three minutes in the injection port of a 7820A gas chromatograph (GC) 5977B
Series mass spectrometer (MSD) and flame ionization detector (FID) (Agilent Technologies Inc.,
Santa Clara, California, USA). The injection port was set to 250 °C and all injections were made
in splitless mode using a narrow bore, deactivated glass insert. The VC were separated using a
nonpolar Agilent-19091S column (Agilent; 30m * 0.25 mm id * 0.25 μm film thickness) with
Helium as the gas carrier at a flow rate of 2.0 mL/min (linear velocity 53.8 cm/sec). The GC
oven temperature program was 35 ºC held for 5 min and then increased to 225 ºC at a rate of 6
ºC/min. Once the final temperature of 225 ºC was reached, it was maintained for 10 min. The MS
was maintained at 200 °C and the sample mass was scanned in the range of 40–400 amu. Gas
chromatography-mass spectrometry (GC-MS) was performed to identify the VC present in the
control and UV-C treated camel milk samples. Peaks were identified using standardized
retention time (retention index values, RI), pure compounds, and fragmentation spectra of
standards and the Wiley 2014 mass spectral library.
Volatile compounds were identified based upon their RI values using nonpolar (DB-5)
columns (30m x 0.25 mm i.d., 0.25 μm film; J&W, Folsom CA). The RI values were compared
to literature values. Aliphatic hydrocarbon standards were analyzed in the same manner using a
DB-5 column to calculate RI:
RI = 100N + 100n (tRa – tRn) / (tR (N+n) – tRN)
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N is the carbon number of the lowest alkane and n is the difference between the carbon numbers
of the two n-alkanes that are bracketed between the compounds; tRa, tRn, and tR (N+n) are the
retention times of the unknown compound, the lower alkane, and the upper alkane.
Statistical analysis
The JMP predictive analytics software (Version pro-14.0) was used for statistical
analyses. All data, except VCs, were analyzed using one-way ANOVA, followed by Tukey's
multiple comparison test at a significant level of P < 0.05. The VCs were analyzed using oneway ANOVA, followed by LSD multiple comparison test at a significant level of P < 0.05. All
the experiments were performed three times.
Results
E. coli O157:H7 and S. Typhimurium inactivation
The initial bacterial population of E. coli O157:H7 and S. Typhimurium were 6 log10
CFU/mL. The UV-C treatment of camel milk samples resulted in 1.9, 3.3, 3.9-log reductions
(P<.01) for E. coli O157:H7 and 0.9, 3, 3.9-log reductions (P<.01) for S. Typhimurium with the
4.15, 8.30, and 12.45 mJ/cm2 treatment doses, respectively (Table 4.1).
Monitoring of bioluminescence in camel milk samples
Surviving bioluminescent E. coli O157:H7 and S. Typhimurium in pasteurized camel
milk during the UV-C treatment were monitored by measuring bioluminescence using an IVIS
imager (Figure 4.2). Tracking color changes revealed an abundance of red-light emission (high
bacterial concentration) in the control samples compared to the lighter green and blue color
regions in the UV-C treated samples. The bioluminescence emission for the E. coli O157:H7 and
S. Typhimurium in the control averaged 1.15E+08 P/S, 4.35E+08 P/S, respectively, compared to
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1.95E+07 P/S, 1.82E+08 P/S for the 12.45 mJ/cm2 treated milk, respectively. There were no
significant differences in bioluminescence emission between the control and the 4.15 and 8.30
mJ/cm2 treated milk for both strains.
Fatty acid profile
The effect of UV-C exposure on the milk fatty acids profile is presented in Table 4.2. The
concentrations of the main fatty acids (C14:0, C16:0, C18:0, C18:1c9, and C18:2c9c12) were not
affected (P > 0.05) by the UV-C treatments. Relative to the control, the concentration of trans
C18:1 was lower (P = 0.01) in the UV-C treated milk with no apparent significant differences
among the different UV-C treatment doses. On the other hand, milk treated with UV-C had
greater concentrations of C14:1 (P = 0.03) and C16:1(P = 0.01), with no apparent significant
differences among the different UV-C treatment doses. In comparison to the control, the
concentration of c9t11 CLA significantly decreased (P<.01) in the UV-C treated milk, which was
considered with the treatment dose (Figure 4.3). In contrast, the t10c12 CLA concentration was
significantly increased (P<.01) in the UV-C treated milk samples, especially with the 8.30 and
12.45 mJ/cm2 treatment doses (Figure 4.4).
Lipid oxidation
The TBARS values showed no significant differences between the control and the UV-C
treated milk samples (Figure 4.5).
Milk protein
Demonstrative gel electrophoreses are presented in Figure 4.6. In lane 1, four protein
bands were detected with apparent molecular weights of 15, 35, 37, and 88 kDa, respectively.
The UV-C treated sample (lane 2) had the same bands, plus a new band with a molecular weight
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of 66 kDa. Furthermore, the intensities of visualizable bands in the treated milk were stronger
than those in lane 1 (control).
Volatile compounds
A total of 22 VC were identified using a combination of retention index and mass
spectral matching against the NIST library standards (Table 4.3). The total number of VC
identified in the camel milk prior to the UV-C treatment was 19. The UV-C exposure resulted in
the formation of three new VC and these compounds were identified as p-Cresol, Octanoic acid,
and Tetradecanal. Additionally, of the 19 VC identified in the raw camel milk (control), only
Benzyl alcohol was affected (P<0.01) when the milk was exposed to the 12.45 mJ/cm2 treatment
dose.
Discussion
The ultraviolet-C treatment has been used to inactivate microorganisms in liquid foods
with minor effects on the nutritional and sensory characteristics of the products (Soliva-Fortuny
et al., 2003, Lacivita et al., 2016). The current study found that E. coli O157:H7 and S.
Typhimurium within the camel milk were similarly inactivated (3.9 log reduction) at the UV-C
dose of 12.45 mJ/cm2. These findings are in agreement with Chang et al. (1985) who reported
that most vegetative bacterial cells have a similar response to UV-C light. The results of this
study are consistent with those of (Lu et al., 2011) who reported 3 log reductions for both E. coli
and S. Typhimurium in bovine milk at a UV-C dose of 16 mJ/cm2 using a continuous lab-scale
UV-C apparatus. In contrast to our findings and at a UV-C dose of 40 mJ/cm2 in a continuous
bench top Collimated Beam System, Gunter‐Ward et al. (2018) reported more than 5 log
reductions for E. coli, S. Typhimurium, and Listeria monocytogenes in skim milk. These
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differences could be attributed to differences in UV-C dose, system settings, as well as possible
differences in milk compositions (whole milk vs skim milk) and therefore absorption coefficient.
The fatty acid profile of camel milk is influenced by physiological and environmental
factors, such as the stage of lactation, diet, and genetic differences (Farah, 1993). In this study,
the UV-C treatment was not found to affect the main fatty acids of camel milk, except for
decreasing the concentration of trans C18:1 and increasing the concentrations of C14:1 and
C16:1. Previous studies reported that the fatty acid profile of bovine (Cilliers et al., 2014), goat
(Matak et al., 2007), and human milk (Christen et al., 2013) were not significantly altered by
UV-C treatment. There were significant changes however in the CLA of UV-C treated camel
milk samples compared to the control. The significant decrease in the concentration of c9t11
CLA and the significant increase in t10c12 CLA concentration after the UV-C exposure in this
study suggest induced isomerization reactions by the UV-C treatment. These results conform
with those observed in an earlier study by Matak et al. (2007) who reported a significant
decrease in c9t11 CLA and a significant increase in tt CLA concentrations when goat milk was
treated with a UV-C dose of 15.8 ± 1.6 mJ/cm2. Conjugated linoleic acids are naturally
produced fatty acids in the rumen during the incomplete biohydrogenation and isomerization of
dietary polyunsaturated fatty acids (Stewart et al., 1997), and following their absorption in the
small intestine, some CLA are incorporated in milk fat. In recent years, the CLA, c9t11, and
t10c12cis-9, in particular, have attracted significant attention because of their health benefits in a
variety of models of metabolic and chronic inflammatory diseases (Kennedy et al., 2010, Crumb
and Vattem, 2011).
Lipid oxidation usually occurs in milk and dairy products rich in unsaturated fatty acids
during processing and storage, resulting in the formation of unpleasant odor or off-flavors. No
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significant changes in TBARS values were observed in this study between the control and UV-C
treated milk and the findings are consistent with those of Hu et al. (2015). In contrast to the
earlier findings, significant increases in the formation of secondary oxidation products of lipids
were reported by Martysiak-Żurowska et al. (2017) in human milk and by Matak et al. (2007) in
goat milk treated with the UV-C light. The higher UV-C dose (15.8 ± 1.6 mJ/cm2) and flow rate
(567 L/h) in the latter study could be the reason for the increase in oxidation product formation
in these studies. Hansen et al. (2000) suggested that the increase in oxidation during UV-C
treatment may result from the reaction between singlet oxygen created during the photochemical
reactions and milk lipids. Additionally, Jung et al. (1998) reported that the singlet oxygen
reaction with methionine during UV-C exposure yield dimethyl disulfide compound which is
reported to be responsible for the off-flavor of UV-C treated skim milk.
In the current study, the UV-C treatment did not significantly alter the electrophoresis
pattern of proteins in milk (i.e., protein molecular weight) consistent with the findings of
Cappozzo et al. (2015). However, Kristo et al. (2012) reported changes in the tertiary structure of
whey proteins after UV-C exposure in a continuous UV-C light reactor. In addition,
Krishnamurthy (2006) reported that the treatment of milk via UV-C caused the denaturation of
enzymes and proteins, especially amino acids with aromatic compounds. In our study, the UV-C
treatment resulted in the formation of a new band (⁓ 66 kDa) and increased the intensity of the
bands in the UV-C treated milk. Elmnasser et al. (2008) reported the formation of a new band
(about 36 kDa) after a pulsed-light treatment of β-lactoglobulin milk protein. Additionally,
Gennadios et al. (1998) reported similar increases in the intensity of bands in the SDS-PAGE of
a UV-C treated soy protein film, relative to control. Krishnamurthy (2006) and Bartosz and
Kołakowska (2010) suggested that the induced fragmentation, protein cross-linkage, and
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carbohydrate linkage by the UV-C treatment was due to the increase in superoxide radicals
formation.
The VCs analysis of dairy products is complicated because of the heterogeneous nature
of the milk components (Friedrich and Acree, 1998). Volatile compounds generated during heat
treatment of milk are different from those generated in non-thermal treatments (Zhang et al.,
2011). For instance, light induces the formation of unpleasant VC in milk such as aldehydes,
methyl ketones, and methional (Bosset et al., 1993). In this study, the UV-C exposure resulted in
the formation of new VC (p-Cresol, Octanoic acid, and Tetradecanal) and increased
concentration of Benzyl alcohol, relative to control. Engin et al. (2012), also reported an
increase in the concentrations of milk aldehydes and ketones after UV-C treatment. The
formation of these aldehydes could be attributed to the analysis of hydroperoxides generated
during photo-oxidation (Karatapanis et al., 2006). Lipid hydroperoxides are unstable oxidation
products that can easily break down into aldehydes and ketones causing milk off-flavor (Matak,
2004). Additionally, a study by Kim et al. (2003) reported an increase in VC formation in goat’s
cheese exposed to fluorescent light as a result of oleic acid oxidation. In our study, the UV-C
treatment of milk did not affect the oleic acid concentration, which may explain the lack of
effects of our UV-C treatment on most of the identified VC.
Conclusion
The effect of UV-C treatment as a non-thermal technology on some milk-borne
pathogens and the components of camel milk were assessed for the first time in this study. E. coli
O157:H7 and S. Typhimurium demonstrated the same resistance patterns of 3.9 log reduction at
our highest UV-C dose (12.45 mJ/cm2). The main components of camel milk were not
significantly affected, except for the CLA and formation of three new VC in the UV-C treated
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milk. Nevertheless, further research will be needed to verify whether this technique can be
improved to be used as an alternative to thermal pasteurization of milk or if it can be used to
extend the shelf life of raw milk or thermally treated milk (i.e., post-pasteurization) without
affecting milk quality.
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Table 4. 1. Effect of ultraviolet exposure dose on the viability of E. coli O157:H7 and S.
Typhimurium in pasteurized camel milk.
Count (log10 CFU/mL)
Bacterial strains

Control

UV-C dose
4.15 mJ/cm2

8.30 mJ/cm2

12.45 mJ/cm2

E. coli O157:H7

6.0 a

4.1 b

2.7 c

2.1 c

S. Typhimurium

6.0 a

5.1 b

3.0 c

2.1 d

Different letters within the same row denote significant differences among means at P < 0.05.

UV lamp

Digital pump
Quartiz sleeve

3-way valve

Figure 4.1. Diagram of the UV-C unit designed for this study.
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A) E. coli O157:H7
Control

4.15 mJ/cm2

8.30 mJ/cm2

12.45 mJ/cm2

B) S. Typhimurium
Control

4.15 mJ/cm2

8.30 mJ/cm2

12.45 mJ/cm2

Figure 4. 2. Quantification of bioluminescent E. coli O157:H7 (A) and S. Typhimurium (B) in
pasteurized camel milk before and after UV-C treatment using the IVIS system.
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Table 4. 2. Fatty acid profile (g/100 g fatty acids) of the raw camel milk (control) and UV-C
treated camel milk at different UV-C doses.
Fatty acid

UV-C dose (mJ/cm2)

Raw milk

4.15
8.30
12.45
SEM
C6:0
0.32
0.27
0.21
0.27
0.032
C8:0
0.32
0.34
0.26
0.34
0.042
C10:0
0.23
0.34
0.28
0.34
0.034
b
a
ab
a
C12:0
0.081
0.86
1.26
1.09
1.21
C14:0
9.55
10.87
10.66
10.62
0.299
b
a
ab
a
C14:1
0.049
0.79
1.03
0.95
1.02
C16:0
22.88
22.18
22.48
22.24
0.171
b
a
a
a
C16:1
0.071
5.16
5.53
5.51
5.55
C18:0
17.58
16.44
16.96
16.4
0.306
b
b
b
a
C18:1 trans
0.137
5.83
4.99
5.13
5.14
C18:1c9
20.80
19.96
20.23
20.2
0.216
b
b
b
a
C18:1c11
0.005
0.43
0.40
0.41
0.40
C18:2 t9t12
0.11
0.11
0.11
0.11
0.002
C18:2 c9c12
3.74
3.83
3.84
3.82
0.022
b
b
b
a
C18:3n6
0.006
0.38
0.35
0.35
0.35
b
a
a
a
C18:3n3
0.004
0.53
0.56
0.55
0.55
b
b
a
a
C20:1n9
0.008
0.07
0.06
0.03
0.02
b
b
b
a
C20:4n6
0.004
0.20
0.21
0.20
0.20
C20:5n3
0.01
0.01
0.01
0.02
0.010
C22:5n3
0.09
0.12
0.11
0.09
0.010
C22:6n3
0.01
0.03
0.03
0.04
0.007
a,b
Values designated with different letters within a row are significantly different (P < 0.05) as determined
by the Student's LSD test.

c: cis; t: trans
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1.4

g / 100g of fatty acids

1.2

a

1.0

b

0.8
0.6

c

0.4

d
0.2
0.0
Control

4.15

8.3

12.45

UV-C dose (mJ/cm2)
Figure 4. 3. Effect of different UV-C treatment doses on c9t11 CLA in raw camel milk.

*

indicates statistically significant at P < 0.05 within treatment dose.
different letters indicate significant differences at P < 0.05.

a ,b, c
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0.30

a

g / 100g of fatty acids

0.25

a
b

0.20

0.15

c

0.10

0.05

0.00
Control

4.15

8.3

12.45

UV-C dose (mJ/cm2)
Figure 4. 4. Effect of different UV-C treatment doses on t10c12 CLA in raw camel milk
*indicates statistically significant at P < 0.05 within treatment dose.
a, b, c
different letters indicate significant differences at P < 0.05.
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0.9

a
0.8

a

a

8.30 mJ/cm2

12.45 mJ/cm2

0.7

a

TBARS (mg/L)

0.6
0.5
0.4
0.3
0.2
0.1
0
Control

4.15 mJ/cm2

Treatments

Figure 4. 5. Effect of different UV-C treatment doses on TBARS values in raw camel milk.
Values expressed as mean ± SEM of six samples per group.

73

Table 4. 3. Relative peak area of volatile compounds for the raw camel milk (control) and the
UV-C treated camel milk.
UV-C dose (mJ/cm2)
8.30
4.15
12.45
Hexanal
1.76E+06*
5.22E+07
4.38E+07
7.16E+07
Heptanal
1.14E+07
3.37E+07
4.43E+07
5.09E+07
Oxime- methoxy-phenyl
3.13E+07
5.21E+07
3.45E+07
2.94E+07
Benzylaldehyde
3.12E+07
3.65E+07
7.93E+07
1.25E+08
Benzyl alcohol
9.76E+06 b 2.06E+07 ab 1.73E+07 b 3.79E+07 a
p-Cresol
ND b
2.52E+07 ab 3.94E+07 b 4.40E+07 a
4-Methylbenzaldehyde
1.16E+07
ND
1.40E+07
1.31E+07
Nonanal
2.16E+07
3.81E+07
4.61E+07
4.83E+07
2-Nonenal
1.54E+07
2.73E+07
2.56E+07
3.13E+07
b
a
a
Octanoic acid
ND
2.01E+07
1.69E+07
2.54E+07 a
Methyl salicylate
1.72E+07
2.16E+07
3.32E+07
2.32E+07
Decanal
6.48E+06
1.06E+07
8.84E+06
9.21E+06
2-Decanal
1.98E+07
2.98E+07
2.98E+07
3.61E+07
Undecanal
4.97E+06
7.73E+06
7.94E+06
6.73E+06
2-Undecanal
1.98E+07
2.87E+07
2.65E+07
3.10E+07
Dodecanal
5.42E+06
5.59E+06
5.53E+06
6.50E+06
Tetradecanal
ND b
4.92E+06 a 4.11E+06 a 3.67E+06 a
2-Pentadecanone
1.05E+07
7.89E+06
7.78E+06
1.01E+07
β-Hydroxydodecanoic acid
4.16E+06
6.78E+06
1.05E+07
5.69E+06
Tetradecanoic acid
5.49E+06
2.05E+08
6.96E+06
9.36E+07
2-Heptadecanone
2.51E+06
4.50E+06
2.63E+06
2.53E+06
9-Hexadecenoic acid
9.03E+06
5.18E+06
9.49E+06
7.26E+06
* The data is representative of the area underneath the curve.
ND: not detected within the sample.
Compound Name

Control

a,b

P-value
0.60
0.37
0.32
0.27
0.01
0.02
0.23
0.28
0.43
0.01
0.39
0.25
0.15
0.12
0.33
0.93
0.01
0.91
0.75
0.78
0.15
0.80

Values designed with different letters within a row are significantly different (P > 0.05) as determined
by the Student's LSD test.
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Figure 4. 6. The protein fractions for the UV-C treated raw camel milk (lane 2) and the control
(raw camel milk) (lane 1). PM = protein marker.
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CHAPTER 5
EFFECTS OF DIFFERENT PASTEURIZATION METHODS ON THE MICROBIAL
REDUCTION AND THE COMPOSITION OF CAMEL MILK
Abstract
The objective of this study was to investigate the efficacy of different thermal
pasteurization methods on (1) the total survival of the aerobic bacteria, E. coli O157: H7, in
camel milk, and (2) the camel milk components such as the fatty acid profile, lipid peroxidation,
protein fractions, and the composition of volatile compounds. Samples of camel milk were
thermally treated using laboratory-scale pasteurization methods: PAST-1 (65ºC/30 min), PAST-2
(72ºC/5 min), and PAST-3 (80ºC/5 min). The survival of E. coli O157: H7 was evaluated using
the traditional plate count agar (PCA) method while the total viable counts were measured using
the aerobic count plates (ACP) petrifilm. Complete elimination (P < 0.05) of the total viable
counts were achieved using PAST-1 and PAST-3 methods but not PAST-2 (3.4 log10 CFU/ml
reduction). All pasteurization methods had a significant (P < 0.05) bactericidal effect on E. coli
O157: H7 resulting in a 6 log10 CFU/ml reduction. There were no significant (P > 0.05)
differences in the fatty acid profile including the cis-9, trans-11 conjugated linoleic acid (CLA),
and trans-10, cis-12 CLA, and the lipid peroxidation products between raw and pasteurized milk
samples. The milk protein profile was marginally altered by PAST-2 and PAST-3 treatments but
not PAST-1. Thirty-four volatile compounds (VC) were detected in the raw milk samples
compared to 29 VC in the pasteurized milk samples. Pasteurization treatments altered the
concentrations of some milk VC, increasing the Heptanal, Tridecanal, and Undecanal while
decreasing the 2-Decanal and 2-Undecanal. This study provides clear evidence that PAST-1 and
PAST-3 methods are better in inactivation of total viable counts than PAST-2. Additionally, the
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absence of significant changes in milk compositions indicates that PAST-1 and PAST-3 could be
applied without affecting the nutritional value of camel milk.
Keywords: camel milk, pasteurization, E. coli O157: H7, fatty acids, TBARS, volatile
compounds.
Introduction
Camel milk has traditionally been the main source of milk in some parts of the world,
especially in the dry areas of Africa and Asia. Both camel and bovine milk share most of the
essential nutrients, however, some antimicrobial factors, such as lysozyme and lactoferrin are
reported to be greater in camel milk (El-Agamy et al., 1998). Studies have reported various
medicinal properties of camel milk against diabetes (Agrawal et al., 2005), hepatitis (El Miniawy
et al., 2014), allergies (Shabo et al., 2005a), autism (Shabo et al., 2005b), and lactose intolerance
(El-Agamy et al., 2009a).
Milk and other unpasteurized dairy products are often reported to be associated with
foodborne diseases. External contamination is the primary source of spoilage and pathogenic
microorganisms in raw milk. According to Roberts et al. (2005), Campylobacter jejuni, Listeria
monocytogenes, Brucella spp., Coxiella burnetiid, Salmonella spp., Escherichia coli O157: H7,
Mycobacterium tuberculosis, and Yersinia enterocolitica. are the most pathogenic bacteria
detected in milk and milk products. The consumption of raw or pasteurized milk contaminated
with E. coli O157: H7 is the main concern to the dairy industry (Upton and Coia, 1994).
Escherichia coli O157: H7 was found in commercial pasteurized milk products Goh et al.
(2002). However, D’aoust et al. (1988) stated that E. coli O157: H7 was destroyed at 60.0 to 72.0
°C in an HTST pasteurizer for 16.2 sec. The dairy industry commonly uses the traditional
thermal pasteurization method to prevent microbial contamination and enhance the shelf life of
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milk. However, thermal treatments may change the nutritional, sensory, and physicochemical
properties of milk (Sun, 2012).
Compared to bovine milk, camel milk has poor heat stability at 100-140 ºC (Sagar et al.,
2016). Complete or partial protein precipitation was reported following the heating of camel milk
(121 ºC for 15 min), indicating poor heat-stability (Alhaj et al., 2011). Additionally, Farah (1986)
reported marginal whey protein denaturation during pasteurization of camel milk at 63 °C for 30
min and excessive denaturation when camel milk was treated at 80 °C for 30 min. On the other
hand, pasteurization at 72 ºC for 5 min resulted in 5-8% losses in camel milk compositions
(Wernery, 2006).
A recent study reported that the industrial processing of high-temperature and short-time
(HTST) pasteurization negatively affect camel milk compositions, nutritional values, and health
benefits (Metwalli and Hailu, 2020). However, the effects of thermal treatments at lower
temperatures (65 ºC-80 ºC) on the properties and components of camel milk, microbial content
have not been extensively studied. Therefore, this study was conducted to determine the
influence of different thermal pasteurization methods on the survival of the total aerobic bacteria
and E. coli O157: H7, lipid peroxidation, protein fractions, fatty acid profile, and volatile
compounds of fresh camel milk.
Materials and methods
Bacterial strains
The activation of E. coli O157: H7 (NCTC strain 12900) was done according to the
guideline of the manufacturer. A 1 ml of the culture stock was transferred into 10 ml of tryptic
soy broth (TSB) (Difco Laboratories, Detroit, MI, USA) and then incubated at 37 ºC for 24
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hours. A 10 µl of loop inocula from the previous culture was then transferred into 9 ml of TSB
and then incubated for 18 - 24 hours at 37 ºC to allow enough time for the stationary phase to be
reached.
Bacterial concentration was determined according to Gera and Doores (2011a) by
measuring the optical density at 600 nm (OD600) using the GENESYS 2 Spectrophotometer
(Thermo Spectronic, New York, USA). Bacterial concentration was then determined using a
conversion value of 0.01 OD600 to 8.0×106 colony-forming unit/ml (CFU/ml). The cell
suspension of E. coli O157: H7 was added to the milk samples to provide ≈ 6 log10 CFU/ml
(1×106 CFU/ml).
In addition, a non-pathogenic E. coli O157: H7 (ATCC 43888, Manassas, VA, USA) was
cultured in Luria-Bertani broth (Becton Dickinson, Sparks, MD, USA) at 37 °C within an orbital
shaker at 250 rpm. The E. coli strain was then transformed for bioluminescence emission through
electroporation of pXen5-luxCDABE (Caliper life sciences, Hopkinton, MA, USA) as
previously prescribed (Dhahir et al., 2020b).
Thermal pasteurization
Raw (fresh) camel milk samples (n = 9) in sterile bottles (250 ml) were purchased from a
local camel farm and aliquots were immediately transported to the laboratory in an ice-cooled
box. Three different thermal pasteurization methods were applied to raw milk samples (75 ml in
100 ml glass tube): heated in a water bath at 65 °C for 30 min (PAST-1; (Sela et al., 2003b); 72
ºC for 15 min (PAST-2; (Wernehy et al., 1999); and 80 ºC for 5 min (PAST-3;(Rahman et al.,
2009). Following treatments, the resulting pasteurized milk was placed within an ice bath and
cooled immediately to 4-6 °C. Then, 1 ml of the control (raw milk) and 1 ml of the pasteurized
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milk samples were serially diluted (10-1 to 10-4) with phosphate-buffered saline (0.2 M, pH 7.5).
Each dilution was plated in triplicate on aerobic count plates petrifilm (ACP) (3M, St. Paul, MN,
USA) for total viable count estimation. For components analysis, an additional 15 ml were
collected from the control and pasteurized milk samples and stored at -20 °C until used.
To determine the CFU of E. coli O157: H7 and under sterile conditions, one ml of the
bacterial suspension was added to the pasteurized milk samples to yield an approximate 106
CFU/ml (control). Once the pasteurization treatments (PAST-1, PAST-2, and PAST-3) had been
applied, inoculated (control) and pasteurized milk samples were serially diluted and plated in
triplicate on selective chromogenic medium HicromeTM (Sigma-Aldrich, St. Louis, USA). Each
experiment was repeated three times for replications.
Bacterial analysis
Bacterial growth evaluation
Control and pasteurized milk samples on ACP petrifilm were incubated for 24 hours at 37
°C, and then read using 3M Petrifilm Plate Reader (Model 6499, St. Paul, MN, USA). The
survival of E. coli O157: H7 in all milk samples was evaluated using the standard plate count
method. Following a tenfold dilution on the control and pasteurized milk samples that were
previously inoculated with E. coli O157: H7, 100 µl from each diluted sample were spread on
chromogenic medium HicromeTM (Sigma-Aldrich, St. Louis, USA) plates. All plates were
incubated for 24 hours at 37 °C and bacterial colonies were enumerated based on CFU/ml. The
microbiological analyses for each pasteurization treatment were run in triplicate.
To study the efficacy of using IVIS for real-time monitoring of the bacterial reduction in
milk, an aliquot (1 ml) of bioluminescence E. coli O157: H7 was added to the pasteurized camel
80

milk samples, under aseptic conditions, to yield an approximate 106 CFU/ml (control). The milk
was then pasteurized using the PAST-3 method and inoculated (control) and pasteurized samples
were serially diluted and plated in triplicate into sterile glass screw-capped test tubes (85mm x
20 mm). To visualize the survival bacteria, the bioluminescence intensity of E. coli O157: H7
before and after pasteurization were measured with an IVIS in photon per second (P/S).
Components analyses
Analyses were conducted on milk samples before and after pasteurization treatments to
study effects on milk protein fractions, lipid oxidation, fatty acids, and volatile compounds. The
total protein of the milk samples was quantified using Pierce Coomassie plus assay kit (Thermo
Fisher Scientific, Waltham, Maryland, USA), normalized amongst milk samples, and equivalent
amounts were mixed with the NuPage LDS loading buffer and incubated for 10 min at 70 ºC.
Thereafter, protein samples were resolved on a 4-12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE; Bis-Tris Nupage Mini Gel-Thermo Fisher Scientific, Waltham,
MA, USA). A molecular weight marker (17 kDa to 170 kDa) was also loaded onto the gel for the
identification of the molecular weight of the unknown proteins of milk samples (Fisher’s EZRun Pre-stained Protein Marker). All gels were then stained with Coomassie brilliant blue R-250
staining solution (Bio-Rad, Hercules, CA, USA) to visualize the protein bands. The analyses for
lipid oxidation, fatty acids, and volatile compounds were as previously prescribed (Dhahir et al.,
2020c).
Statistical analysis
The JMP predictive analytics software (Version pro-14.0) was used to statistically
analyze our data. A one-way ANOVA was used to analyze the generated data and Tukey’s
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multiple comparison test was used to compare means. Significance was declared at a P < 0.05.
Results
Microbiological analysis of camel milk before and after pasteurization
Before pasteurization, the total viable bacterial count mean of the raw camel milk
samples was 5.7 log10 CFU/ml for the three replicates. The standard plate count on ACP
petrifilm revealed 3.4 log10 CFU/ml reduction in total aerobic bacteria was achieved using the
PAST-2 treatment whereas no survival cells were detected with the PAST-1 and PAST-3
treatments (Table 5.1). In addition, the initial bacterial population of E. coli O157: H7 was 6
log10 CFU/ml before pasteurization, and no survival E. coli O157: H7 were isolated from the
thermally treated milk samples (Table 5.1).
Bioluminescent E. coli O157: H7
The survival of bioluminescent E. coli O157: H7 in camel milk samples subjected to the
PAST-3 treatment was monitored using the IVIS imaging system. Compared to the control, the
concentration of bioluminescence in E. coli O157: H7 decreased (P < 0.05) in the pasteurized
milk samples. The emission of bioluminescence in the E. coli O157: H7 averaged 4.87E+08 P/S
in the control milk compared to 1.20E+05 P/S in the pasteurized milk samples (Figure 5.1).
Impact of different pasteurization methods on camel milk components
Fatty acid profile
The effect of pasteurization methods on fatty acids concentration in the camel milk
samples is presented in Table 5.2. Except for a reduction (P < 0.02) in oleic acid (C18:1c9), no
changes (P > 0.05) were observed between the raw (control) and the pasteurized milk samples.
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No differences (P = 0.96) were also observed between the raw and the pasteurized milk samples
in their conjugated linoleic acids (CLA) content (cis-9, trans-11 CLA and trans-10, cis-12 CLA)
(Figures 5.2 & 5.3).
Lipid oxidation
The TBARS values were the same in the raw and pasteurized milk samples, with no
changes (P = 0.93) among the different treatments (Figure 5.4).
Milk protein
The SDS-PAGE electrophoresis shows qualitative differences in protein profiles of raw
and treated milk samples (Figure 5.5). A total of 7 protein bands were separated with molecular
weights (Mwt) of 15, 27, 50, 56, 65, 84, 164, and 200 kDa, roughly corresponding to alphalactalbumin (α-La), Casein proteins (Cas), Immunoglobulins (Ig), Camel serum albumin (CSA),
Lactoferrin (LF), Uncharacterized protein, and Xanthine dehydrogenase/oxidase (XDO),
respectively. PAST-1 caused no visible changes in the electrophoresis pattern compared to the
control (raw milk). Increasing the temperature to 72 °C with the PAST-2 treatment also resulted
in no visible changes in the electrophoresis pattern except for increasing the intensity of the α-La
(Mwt 15 kDa) band. At 80 °C (PAST-3), the band intensity of LF (Mwt 84 kDa) became lighter
while the band intensity of α-La (Mwt 15 kDa) increased (Figure 5.5).
Volatile compounds
Using mass spectral matching against the NIST library standards and retention index, a
total of 34 VCs were identified (Table 5.3). Five VC (Octanal, 1-Octanol, Ethyl caprylate
(octanoate), Decanoic acid, and 9-Hexadecenoic acid) disappeared after pasteurization. Ethyl
caprate (decanoate) and Ethyl laurate (dodecanoate) were detected only in the raw and the
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PAST-1 treatment, while β-Hydroxydodecanoic acid was detected in the raw and the PAST-3
treatment. Compared to the raw milk, pasteurization increased (P < 0.05) the formation of
Heptanal and decreased the formation of 2-Decanal, 2-Undecanal, and Nonanoic acid,
particularly with the PAST-2 and PAST-3 treatments. Compared to the raw milk, the formation
of Tridecanal and Undecanal increased only with the PAST-1 treatment. Pasteurization
treatments had no effects (P > 0.05) on the remaining 19 VC.
Discussion
Although milk pasteurization using thermal treatment has been reported to minimize
microbial contamination and enhance shelf life, the thermal applications may have undesirable
effects on different nutrients and chemical components of milk. The current study was
undertaken to investigate the effects of different thermal treatment-based pasteurization methods
on camel milk components, and the survivability of E. coli O157: H7 and total aerobic bacteria.
As the data indicate, PAST-1 treatment is highly effective against total and E. coli O157: H7
bacteria in camel milk. Similar findings were reported by Lima et al. (2017) and Sela et al.
(2003b), who carried out holder pasteurization (63°C for 30 min) in human and camel milk,
respectively. However, Stabel et al. (1997) reported a residual population of Mycobacterium
paratuberculosis in the heated bovine milk at 65°C for 30 min using a laboratory-scale
pasteurizer unit. Our results revealed that PAST-3 caused complete inactivation of both E. coli
O157: H7 and total aerobic bacteria. Although PAST-2 was not completely effective against the
total viable count (only 3.4 log reduction), it was effective in the complete inactivation of E. coli
O157: H7. The effects of PAST-2 and PAST-3 on camel milk composition and the preparation of
fermented camel milk were reported previously (Wernehy et al., 1999, Wernery, 2006, Rahman
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et al., 2009), however, the antimicrobial effects of these two thermal treatments are lacking in
camel milk. To our knowledge, this study is the first one that reports these findings.
In this study, the use of the IVIS imaging approach allowed real-time monitoring of the
bacterial activity and providing a better sense of the bacterial presence on samples. This imaging
technique has been used in previous works to assess the presence of bacteria in meats (Park et
al., 2018) or the bactericide effects of nanoparticles (Park et al., 2019). In the present study, the
IVIS was successfully used to validate the bactericide effect of the camel milk pasteurization.
Understanding that bioluminescence cannot be used in a routine with wild and not transformed
bacteria, the IVIS indicates the detected bacteria in the complex milk sample was decreased to a
not detectable level after pasteurization, as also determined with the (CFU /ml) counts.
Except for a slight reduction in C18:1c9 with PAST-2 and PAST-3, no significant
differences in fatty acid concentrations were found between the raw and pasteurized milk
samples indicating that milk fatty acids were not affected by the different pasteurization
methods. The fatty acid profile of humans (Henderson et al., 1998) and camel milk (Hattem et
al., 2011a) were not significantly altered by holder pasteurization (62.5-63 ºC for 30 min).
Additionally, both Tallini (2015) and Pereira et al. (2008) obtained similar results in bovine and
goat milk subjected to HTST pasteurization (72 ºC for 15 sec), respectively. Furthermore, no
significant changes in the CLA were observed in the current study between the pasteurized and
control samples (Figures 2 and 3). These results are consistent with an earlier study by Herzallah
et al. (2005), who reported that the CLA content of bovine milk was not affected by thermal
processing at different pasteurization temperatures. Contrarily, Buccioni et al. (2010) reported a
significant increase in the cis-9, trans-11 CLA after pasteurizing sheep milk at 73 °C for 5 sec,
while Campbell et al. (2003) reported a significant decrease in the cis-9, trans-11 CLA content
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of bovine milk (2% total fat) after HTST pasteurization (77.2°C for 16 sec). These differences
could be attributed to differences in processing conditions (milk temperature and holding time)
and/or milk types (bovine vs. sheep milk).
Malondialdehyde, a secondary product of autoxidation, was measured using the TBARS
assay. Consistent with the fatty acid profile findings, our pasteurization methods (PAST-1,
PAST-2, and PAST-3) did not significantly change the TBARS values of camel milk. Our results
are in agreement with the findings of Silvestre et al. (2008), who reported no significant
differences in MDA concentration of human milk subjected to holder pasteurization (63 °C for
30 min). Similarly, Dias et al. (2020) reported no significant changes in TBARS values of raw
bovine milk subjected to industrial heat treatments.
In the current study, milk proteins were separated by using a one-dimensional SDSPAGE. There were no noticeable differences between the electrophoresis patterns of raw and
PAST-1 milk samples (Figure 5). This result is in accordance with Elagamy (2000b) who did not
find any differences in the electrophoresis pattern of the camel milk heated at 65 °C for 30 min.
Another study reported the no effect of the thermal treatments below 70 °C on camel whey
proteins (Farah, 1986). The increased intensity of the band corresponding to α-La was the only
visible change under the PAST-2 treatment (Figure 5). A similar result was obtained by Clement
(2018), who reported increases in the α-La intensity of camel milk with heating from 60-130 °C
for 30 min. In contrast to earlier findings, however, Elagamy (2000) reported that α-La was not
affected by heating camel milk at 75 °C for 30 min. In addition, a decrease in the intensity of the
LF band (Mwt 84 kDa) was observed in this study after applying the PAST-3 method (Figure 5).
Our results are in contrast to the findings of Abdel-Salam et al. (2014) and Clement (2018) who
reported no effects on camel LF at 85 °C for 15 and 30 min while, a slight disappearance of LF
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after heating camel milk at 100 °C for 30 min. In the current study, CSA was not affected by all
pasteurization methods in agreement with Elagamy (2000) who reported no changes in the
electrophoresis pattern of CSA when camel milk was heated at 75 °C for 30 min. A significant
diminishing of CSA, however, was reported by Felfoul et al. (2017) when camel milk was heated
at 80 °C for 60 min, while Farah (1986) reported the complete disappearance of CSA when
camel milk was heated at 80 °C for 30 min.
Aldehydes in raw milk are formed either during lipid oxidation (Calvo and de la Hoz,
1992) or by transferring to milk through the consumed feeds (Scanlan et al., 1968). The volatile
compounds profiles of milk in the current study showed an increase in some aldehydes
(Heptanal, Tridecanal, and Undecanal) following the pasteurization treatments. Similar increases
in the total aldehydes were reported by Omar (2018) who investigated the effect of industrial
processing methods such as HTST (75°C for 15 sec) and UHT (140°C for 3 sec) on the volatile
compounds of skimmed camel milk. Zhang et al. (2011) also reported an increase in aldehydes
content after subjecting bovine milk to HTST (75 ºC for 15 sec). Similarly, treated human milk
with high-pressure thermal processing resulted in an increase in the aldehydes content (Garrido
et al., 2015). On the other hand, some other aldehyde compounds (2-Decanal and 2-Undecanal)
significantly decreased (P < 0.05) following pasteurization treatments. This finding is in
agreement with the results of Ortigosa et al. (2001) who reported pasteurization (72°C for 15 sec)
decreased the levels of some aldehydes in Spanish ewe milk.
Conclusion
The present study has shown that both the PAST-1 and PAST-3 methods have better
bactericidal effects against the total viable count than the PAST-2 method. A 6-log reduction in
E. coli O157: H7 was reported in all pasteurized milk samples. This research also revealed that
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camel milk protein fractions, lipid peroxides, and fatty acids were not significantly affected by
pasteurization treatments. However, the concentrations of some milk aldehydes were altered
after pasteurization. The present findings will be useful to the camel dairy processors for optimal
pasteurization of dairy products.
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Table 5. 1. Effect of different pasteurization methods on the surviving of total viable count and
E. coli O157: H7 in camel milk.

Count (log CFU/mL)
Bacterial strains
Control

PAST-1

PAST-2

PAST-3

Total viable count

5.7 a

ND c

2.3 b

ND c

E. coli O157: H7

6.0 a

ND b

ND b

ND b

Different lowercase letters within the same row denote significant differences among means at P
< 0.05. ND not detected (detection limit is < 1 CFU/ml). PAST-1 = 65ºC/30 min, PAST-2 =
72ºC/5 min, and PAST-3 = 80ºC/5 min.
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Table 5. 2. Fatty acids profile (g/100g fatty acids) for raw and pasteurized camel milk.
Fatty acid
Raw milk
PAST-1
PAST-2
PAST-3
SEM
0.33
0.27
0.35
0.33
C6:0
0.025
0.36
0.28
0.34
0.33
C8:0
0.022
0.23
0.21
0.24
0.23
C10:0
0.010
0.86
0.83
0.86
0.86
C12:0
0.015
9.61
9.45
9.63
9.73
C14:0
0.068
0.79
0.77
0.78
0.78
C14:1
0.015
22.81
22.85
22.49
22.53
C16:0
0.104
5.15
5.12
5.12
5.12
C16:1
0.036
17.71
18.14
17.82
17.70
C18:0
0.137
5.65
5.33
5.22
5.45
C18:1trans
0.134
a
a
b
b
20.75
20.72
20.45
20.51
C18:1c9
0.063
0.43
0.42
0.42
0.41
C18:1c11
0.003
3.74
3.73
3.69
3.71
C18:2n6
0.016
0.12
0.12
0.12
0.11
C18:2t9t12
0.002
0.38
0.39
0.38
0.38
C18:3n6
0.002
0.54
0.53
0.53
0.53
C18:3n3
0.002
0.07
0.07
0.07
0.08
C20:1n9
0.005
0.21
0.21
0.21
0.21
C20:4n6
0.002
0.03
0.03
0.05
0.06
C20:5n3 (EPA)
0.014
0.08
0.12
0.17
0.17
C22:5n3
0.027
0.01
0.05
0.03
0.018
C22:6n3 (DHA)
0.010
Different lowercase letters within the same row denote significant differences among means at P
< 0.05. PAST-1 = 65ºC/30 min, PAST-2 = 72ºC/5 min, and PAST-3 = 80ºC/5 min. EPA=
Eicosapentaenoic Acid; DHA= Docosahexaenoic Acid.
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Table 5. 3. Volatile organic compounds for raw and pasteurized camel milk.
Compound Name
Hexanal
2-Furanmethanol

LRI
7.42E+02
8.33E+02

Raw milk
1.83E+07A
2.26E+06

PAST-1
2.36E+07
1.94E+06

PAST-2
2.16E+07
3.55E+06

PAST-3
4.00E+07
2.81E+06

P-value
0.40
0.88

Heptanal

8.73E+02

4.07E+06b

1.47E+07ab

1.81E+07a

2.28E+07a

0.04

Oxime- methoxy-phenyl

8.75E+02

3.18E+07

3.72E+07

3.68E+07

4.77E+07

0.60

1-Heptanol

9.42E+02

4.60E+06

5.91E+06

3.66E+06

ND

0.22

Octanal

9.72E+02

4.79E+07

a

b

0.01

Benzyl alcohol

1.00E+03

9.83E+06

9.78E+06

1.07E+07

9.01E+06

0.63

2-Octenal

1.02E+03

1.74E+07

1.74E+07

1.49E+07

1.47E+07

0.39

1-Octanol

1.04E+03

6.42E+06

a

4-Methylbenzaldehyde

1.05E+03

1.34E+07

1.66E+07

2.15E+07

2.58E+07

0.18

Nonanal

1.08E+03

3.59E+07

3.54E+07

3.08E+07

3.14E+07

0.46

2-Nonenal

1.13E+03

1.96E+07

1.97E+07

1.54E+07

1.38E+07

0.06

Octanoic acid

1.14E+03

6.09E+06

7.54E+06

3.59E+06

ND

0.07

Methyl salicylate

1.17E+03

2.10E+07

1.98E+07

ND

3.02E+07

0.10

Ethyl caprylate (octanoate)

1.17E+03

2.52E+06

a

Decanal

1.18E+03

9.31E+06

9.96E+06

8.92E+06

7.76E+07

0.06

1.22E+03

3.19E+07

a

2.96E+07

a

b

2.21E+07

b

0.01

2.80E+07

a

2.57E+07

a

6.63E+06

b

0.01

7.21E+06

b

8.90E+06

a

6.59E+06

b

0.01

3.72E+07

a

3.42E+07

a

2.31E+07

b

0.01

4.10E+06

a

4.92E+06

a

2-Decanal
Nonanoic acid
Undecanal
2-Undecanal
Decanoic acid
Ethyl caprate (decanoate)
Dodecanal
Tridecanal

A

1.23E+03
1.28E+03
1.34E+03
1.34E+03
1.36E+03
1.38E+03
1.47E+03

7.60E+06

ab

ND

ND

ND

ND

b

ND

b

ND

b

ND

b

2.80E+06
8.81E+06

a

4.13E+06

b

5.33E+06

a

a

1.66E+06

b

ND

b

ND

b

ND

2.47E+07
1.60E+07

ab

7.59E+06

ab

2.67E+07
ND

b

b

b

b

ND

ND

c

7.29E+06
4.61E+06

ab

c

0.01

b

0.01

b

ND
ab

0.01

c

0.01

6.31E+06

b

0.01

4.39E+06

b

0.01

1.55E+03

2.06E+06

Tetradecanal

1.56E+03

3.97E+06

5.01E+06

4.51E+06

4.44E+06

0.12

Decyl decanoate

1.61E+03

7.75E+06

9.20E+06

8.10E+06

7.55E+06

0.14

2-Pentadecanone

1.67E+03

1.04E+07

1.44E+07

1.11E+07

1.44E+07

0.59

β-Hydroxydodecanoic acid

1.69E+03

4.15E+06a

NDb

NDb

5.35E+06a

0.01

Tetradecanoic acid

1.74E+03

6.32E+06

8.64E+06

6.57E+06

7.22E+06

0.69

Hexadecanal

1.79E+03

2.98E+06

3.39E+06

2.73E+06

3.78E+06

0.49

2-Heptadecanone

1.87E+03

3.12E+06

4.87E+06

3.64E+06

4.82E+06

0.35

Hexadecanoic acid

1.94E+03

1.27E+07

1.87E+07

1.51E+07

1.70E+07

0.67

9-Hexadecenoic acid

2.05E+03

1.25E+07

a

Oleic Acid

2.12E+03

2.33E+06

ND

6.46E+06

ND

b

3.23E+06

ND

c

Ethyl laurate (dodecanoate)

b

ND

b

ND

b

1.66E+07

0.01

0.01
0.06

The data is representative of the area underneath the curve. ND: not detected within the sample.

Different lowercase letters within the same row denote significant differences among means at P
< 0.05. PAST-1 = 65ºC/30 min, PAST-2 = 72ºC/5 min, and PAST-3 = 80ºC/5 min.
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E. coli O157: H7

Figure 5. 1. Quantification of bioluminescent E. coli O157: H7 in camel milk before and after
pasteurization.

Figure 5.2. Effect of different pasteurization methods on cis-9, trans-11, CLA in raw camel
milk. PAST-1 = 65ºC/30 min, PAST-2 = 72ºC/5 min, and PAST-3 = 80ºC/5 min.
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0.12
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PAST-3
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Figure 5. 3 Effect of different pasteurization methods on trans-10, cis-12, CLA in raw camel
milk. PAST-1 = 65ºC/30 min, PAST-2 = 72ºC/5 min, and PAST-3 = 80ºC/5 min.
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Figure 5. 4. Effect of different pasteurization methods on TBARS in raw camel milk.
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Figure 5. 5 Effect of different pasteurization methods on protein fractions in camel milk.MP =
milk protein; XOD = Xanthine dehydrogenase/oxidase; LF = Lactoferrin; CSA = Camel serum
albumin; Ig = Immunoglobulins; Cas = Casein; and α-La = alpha- Lactalbumin. PAST-1 =
65ºC/30 min, PAST-2 = 72ºC/5 min, and PAST-3 = 80ºC/5 min.
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CHAPTER 6
GENERAL CONCLUSIONS
In this study, the effects of thermal and non-thermal methods such as ultrasound
processing and UV-C treatment on the chemical composition and the bacterial inactivation of
camel milk were studied. Moreover, the compositional analysis of dromedary camel milk was
investigated as well.
In addition to the total aerobic bacteria, other bacterial strains including E. coli O157: H7
and S. Typhimurium were utilized as milk-borne pathogen models in the current study. Complete
inactivation of the total aerobic bacteria was achieved using PAST-1 and PAST-3, however, only
3.4 log reduction of the TAB was reported by applying the PAST-2 method. In the same context,
the continuous ultrasound processing of raw camel milk resulted in only a 2-log reduction of the
TAB, which means none of our methods was effective to cause complete elimination of the TAB
in raw camel milk. Furthermore, ultrasound processing and pasteurization methods resulted in 6
log10 reductions of E. coli O157: H7. However, only 3.9 log10 reductions were achieved using
UV-C treatment. Similarly, 3.9 log10 reductions of S. Typhimurium were reported using UV-C
treatment while 4.4 log10 reductions were reported using ultrasound treatment. Overall, thermal
pasteurization especially PAST1 and PAST3 methods were more effective in terms of bacterial
inactivation compared to non-thermal methods.
This research also revealed that some camel milk components, for instance, milk fatty
acid, lipid peroxides, and protein fractions were not significantly affected by both thermal and
nonthermal methods. However, an increase in the formation of new VCs was reported after
nonthermal methods, and alteration of some milk aldehydes after thermal pasteurization was
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reported as well. In conclusion, the chemical composition of camel milk was not significantly
influenced by thermal and non-thermal methods.
While there is abundant literature concerning the composition of bovine milk, this is the
first study that set out to assess camel milk compositions in more detail. The gross composition
of camel milk was reported to be slightly different from other studies. This may be attributed to
many factors such as animals’ breed, feeding conditions, geographical location, and stage of
lactation. The higher unsaturated fatty acid content and the absence of β-lg in camel milk makes
this milk a potent alternative for cow milk.
Obtaining raw camel milk was one of the limitations in the present research because of
the long distance from the production areas. As a result, the microbial quality of raw camel milk
had not been evaluated in the current study. Additionally, information for each milk sample
regarding animals’ age, feeding conditions, and stage of lactation, for instance, were not
available. Therefore, further studies with more focus on the role of different factors influencing
camel milk composition are suggested. Although the impact of thermal and non-thermal methods
on the volatile compounds, fatty acid profile, lipid peroxides, and protein fractions of camel milk
were studied and compared to their quantities in raw milk, it was not possible to assess the
sensory quality of thermally and non-thermally treated milk samples due to inability to ensure
the safety of treated milk for human consumption.
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APPENDIX
PRELIMINARY TESTING FOR SONICATION SETTINGS
Table 1. Effect of sonication power for 15 min on the survival of E. coli O157: H7 and S.
Typhimurium in camel milk.
Bacterial Strains

Control*

60%*

80%*

100%*

E. coli O157: H7

6

3.9

3

0

S. Typhimurium

6

2.8

1.1

0

* Count (log10 CFU/ml).
Table 2. Effect of sonication (mode of operation) for 15 min on the survival of E. coli O157: H7
and S. Typhimurium in camel milk.
Control*

4:1*a

2:2*b

Continuous*

E. coli O157: H7

6

1.8

4.6

0

S. Typhimurium

6

1.2

2

1.1

Bacterial Strains

* Count (log10 CFU/ml). a 4:1= 4 min work, 1 min off. b2:2= 2 min work, 2 min off.
Table 3. Effect of flaw rate on the survival of E. coli O157: H7 in a (closed/ circular) sonication
system for 5 and 10 min.
Flow rate

Bacterial
Control*
Strain

Time(min)
70 ml/min*

140 ml/min*

210 ml/min*

E. coli O157: H7

6

5

4.5

4.6

5

E. coli O157: H7

6

3.9

4.1

3.8

10

* Count (log10 CFU/ml).
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Figure .1 Closed circulation system.

UV-C dose equation:
UV-C dose per area = UV-C intensity × residence time.
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